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This  s t u d y  i s  the i n i t i a l  phase of a t h ree -phase  program designed 
i3) S:jtional Aeronaut ics  and Space Adminis t ra t ion  t o  e v a l u a t e  and, i f  
rp5u1ts a r e  promising, t o  e x p l o i t  a i rbo rne  o rgan ic  d e t e c t i o n  a s  a t o o l  
f o r  determining and c l a s s i f y i n g  p l ane ta ry  b i o l o g i c a l  a c t i v i t y .  The 
prq:ram i s  based on t h e  hypothes is  t h a t  measurements of t h e  concen t r a t ion  
of a i rborne  emanations above r e g i o n a l  f l o r a  may e s t a b l i s h  r e l a t i o n s h i p s  
i i 1 , t t  xou ld  permit c h a r a c t e r i z a t i o n  of f l o r a  by a i r b o r n e  sens ing  i n s t r u -  
rot.ntaIsiol1; t he  es tab l i shment  of such r e l a t i o n s h i p s  would suppor t  t h e  
concept t h a t  p l ane ta ry  atmospheric  probes could y i e l d  s i g n i f i c a n t  i n -  
formation on p l ane ta ry  f l o r a  and thus  h e l p  t o  c h a r a c t e r i z e  any s i m i -  
l a r i t i e s  t o  t e r r e s t r i a l  f l o r a .  
The presence of o rgan ic  components i n  unpol luted atmospheres has 
long been suspected,  but  not  u n t i l  1948, with t h e  use of i n f r a r e d  s o l a r  
spec t r a ,  was t h e  most concent ra ted  o rgan ic  c o n s t i t u e n t ,  methane, iden-  
t i f i e d .  hlethane i s  gene ra l ly  p re sen t  i n  the  ambient atmosphere a t  a 
concen t r a t ion  of about 1.5 ppm. The primary source  of methane i s  b a c t e r i a l  
decomposition i n  swamps, marshes, and o t h e r  water bodies .  I n  other. a r eas ,  
seepages of n a t u r a l  gas  may provide a s i g n i f i c a n t  source of a tmospheric  
methane. Lesser concen t r a t ions  of o t h e r  low molecular weight s a t u r a t e d  
hydrocarbons, such a s  e thane ,  propane, butane, e tc . ,  a r e  a l s o  present  a s  
minor components i n  n a t u r a l  gas  and could reach  t h e  atmosphere i n  t r a c e  
concen t r a t ions  a s  seepage. Presence i n  t h e  unpol lu ted  atmosphere of i n t e r -  
mediate molecular weight o rgan ic s  such a s  acetone, methanol, e tc . ,  could 
* 
r e s u l t  from combustion of f l o r a  by n a t u r a l l y  occur r ing  f o r e s t  f i r e s  or from 
fermenta t ion  processes .  The f l o r a  of t he  biosphere i s  another  major con-- 
t r i b u t o r  of heav ie r  organics  of t h e  te rpene  c l a s s .  Went e s t i m a t e s  t h a t  
1@ tons  of terpene-type o rgan ic s  a r e  r e l e a s e d  t o  the  worldwide atmosphere 
annual ly .  The te rpene  emanations,  p a r t i c u l a r l y  a- and @-pinene, from 
c o n i f e r  f o r e s t s  a r e  w e l l  known and a r e  r e spons ib l e  f o r  the  ”piney” s m e l l  
found i n  t h e s e  a reas .  
** 
* 
Migeotte, M. V., Phys. Rev. - 75, 1108 (1949). 
b’ent, F. W.,  T e l l u s ,  18(2-31, 549-556 (1966). 
** 
1 
As methods of a n a l y s i s  and means of concen t r a t ion  have become more 
0 phis  t i c a  t ed , g r e a t  e r numbers of o rgan ic  a t mos phe r i c  cons t i t  uent s have 
beexi found t o  be p re sen t  a t  extremely l o w  concen t r a t ions .  The method of 
approach used i n  t h e  presei i t  s tudy t o  accomplish t h e  c o l l e c t i o n  of emana- 
t i o n s  of flora c o n s i s t e d  of two phases:  (1) a l abora to ry  program t o  
develop appropr i a t e  methods of c o l l e c t i o n  and concen t r a t ion  of atmospheric  
organics ,  and (2)  a i i e l d  program t o  test these  methods with "real" samples. 
2 
I1 SUMMARY AND CONCLUSIONS 
Th i s  i n i t i a l  phase has  succeeded i n k e v e l o p i n g  and f i e l d  t e s t i n g  
techniques f o r  a i r b o r n e  d e t e c t i o n  of t r a c e  o rgan ic  concen t r a t ions .  A 
f l i g h t  a i rbo rne  sampling s y s t e m  has  been designed.  1 Future  phases planned 
by NASA c a l l  f o r  t h e  c o n s t r u c t i o n  of t h e  f l i g h t  sampler and i t s  use i n  
high a l t i t u d e  a i r c r a f t  sampling f l i g h t s  o v e r  known types  of t e r r a i n .  I f  
t hese  f l i g h t s  produce u s e f u l  results, t h e  a i rbo rne  sampler can be l i nked  
r J l L 6 ,  
/- 
t o  an i n f l i g h t  rea l - t ime o rgan ic  a n a l y s i s  system. A f u t u r e  phase could 
be the  development of a t r a c e  o r g a n i c  a tmospheric  ana lyze r  f o r  p l ane ta ry  
probe a p p l i c a t i o n s .  . 
7 - 1 1  e 
A b a s i c j p a r t  of t h e  des ign  of + --e [OUIZ) ampling system is  a c o n c e n t r a t i o n  
- 
procedure t h a t  makes use of the  a b i l i t y  of gas  chromatographic column 
packing ina t e r i a l  t o  s e l e c t i v e l y  r e t a i n  o r  t r a p  o rgan ic s  while  pe rmi t t i ng  
t h e  permanent gases  of t h e  t e r r a i n  atmosphere t o  pass  through t h e  con- 
c e n t r a t i o n  t r a p .  S u f f i c i e n t  m a t e r i a l  can be i s o l a t e d  and r e t a i n e d  i n  
t h e  system t o  permit subsequent  a n a l y s i s .  The o rgan ic s  of i n t e r e s t E o r  
t h i s  r e s e a r c h  p r o g r a d  range from methane and o t h e r  % m a t e r i a l s  through 
. t h e  C;, t e rpene  c l a s s  of compounds Th i s  broad range of o rgan ic s  requires 
t h a t  t h e  col’ lect ion system be d iv ided  i n t o  two channels  which then  pro- 
3 
vide  e f f i c i e n t  c o l l e c t i o n  and c o n c e n t r a t i o n  f o r  Cl t o  C, organ ic s  on one 
channel  and f o r  C, t o  q0  organ ic s  on t h e  second channel .  
The s t a t u s  of t h e  r e s e a r c h  can  be summarized a s  fo l lows:  
A.  Laboratory Program 
1. C o l l e c t i o n  Trap Design -- 
The l a b o r a t o r y  work cons i s t ed  of des igning  a p p r o p r i a t e  c o l l e c t i o n  
t r a p s  f o r  each  s t a g e  .of t h e  
procedures ,  I t  was necessary  t o  use t w o  success ive  s t a g e s ,  each wi th  
thousandfold concen t r a t ion ,  t o  achieve  t h e  106-fold concen t r a t ion  neces-  
s a r y  t o  provide t h e  c o l l e c t i o n  of u s e f u l  amounts of sample. Cryogenic 
t r a p s  c o n t a i n i n g  gas  chromatographic column packing were used f o r  t h e  
concen t r a t ion  s t e p s .  Liquid argon was used a s  t h e  cryogen. The t o  C, 
‘ t o  C, and t h e  CS to C, concen t r a t ion  
3 
organics  can be c o l l e c t e d  and concent ra ted  wi th  a two-stage procedure 
using a s i l i c a  gel t r a p  followed by a Porapak Q t r a p .  The C, t o  qo 
organics  can be concent ra ted  with a two-stage procedure us ing  Carbowax 
2031 followed by an unpacked c a p i l l a r y .  Trap des ign  s t u d i e s  inc luded  the  
s e l e c t i o n  and e v a l u a t i o n  of packing ma te r i a l  f o r  t he  s e v e r a l  concen t r a t ion  
t r a p s .  I t  was necessary  t o  determine t h e  c o m p a t i b i l i t y  of t h e  o rgan ic s  
of i n t e r e s t  w i th  the  packing s u b s t r a t e  and the  e f f i c i e n c y  01 c o l l e c t i o n  of 
t h e  concen t r a t ion  s t a g e s .  Trap e f f i c i e n c y  was measured a t  a v a r i e t y  of  
knov,n o rgan ic  concen t r a t ions  i n  the  l abora to ry .  
2. Dynamic D i l u t i o n  System 
A dynamic d i l u t i o n  system was f a b r i c a t e d  f o r  u s e  a s  a s y n t h e t i c  
sample source  t o  p e r m i t  measurements of t h e  c o l l e c t i o n  e f f i c i e n c i e s  of 
the cryogenic  concen t r a t ion  procedure a t  va r ious  concen t r a t ions  s i m i l a r  
t o  those a n t i c i p a t e d  i n  t h e  atmosphere. The dynamic d i l u t i o n  appara tus  
can gene ra t e  o rgan ic s  a t  concen t r a t ions  a s  low a s  1 ppb. 
3 .  Co 1 1 ec t i on E f f i c i enc y Me a su re  men t 
The c o l l e c t i o n  e f f i c i e n c i e s  of t h e  f i r s t - s t a g e  c o l l e c t i o n  t r a p s  
were measured f o r  methane, butane,  i soprene ,  benzene, cyclohexane, and 
9-ginene a t  concen t r a t ions  a s  low a s  1 ppb where p o s s i b l e ,  C o l l e c t i o n  
e f f i c i e n c i e s  of t h e  second-stage c o l l e c t i o n  t r a p s  were made f o r  t h e  
above compounds a t  h igher  concen t r a t ions  which were r e a l i s t i c  f o r  t h e  
sampler system. Overa l l  e f f i c i e n c i e s  were also  measured f o r  t h e  e n t i r e  
two-stage concen t r a t ion  procedure of c o l l e c t i o n ,  t r a n s f e r ,  and c o l l e c t i o n .  
System e f f i c i e n c i e s  g e n e r a l l y  exceeded 85%. 
4. Desiccant  Evalua t ion  
I t  i s  necessary t o  remove water  from atmospheric samples before  
concen t r a t ion  of the  C, t o  brganic  concen t r a t ion  without  removing 
the  t r a c e  o rgan ic s .  
A number of d e s i c c a n t s  were eva lua ted  on t h e  b a s i s  of t ransmiss ion  
of te rpenes  without l o s s  o r  decomposition. Potassium carbonate  and c a l -  
c i u m  c h l o r i d e  were found t o  be s u i t a b l e  f o r  t h i s  a p p l i c a t i o n .  Potassium 




t i c u l a t e  m a t e r i a l  from t h e  incoming a i r  sample before  the  c ryogenic  
I n  add i t ion ,  methods were developed and t e s t e d  t o  remove par-  
t r a p s .  
B. F i e l d  Program 
1. Single-Channel Pro to type  Organic Sample C o l l e c t o r  I_-
The f i e l d  program used the  pro to type  sample c o l l e c t o r  t o  test t h e  
1 1  
methods and techniques  developed dur ing  the  l abora to ry  program on r e a l "  
samples c o l l e c t e d  a t  ground l e v e l  i n  t h e  Coast Range mountains and dur ing  
one 4-hour a i r p l a n e  t e s t  f l i g h t  over  remote a r e a s  of no r the rn  C a l i f o r n i a .  
Only the  C, t o  q, 
C o l l e c t i o n  and measurement of t h i s  c l a s s  of organics  provides  the  most 
meaningful d a t a  on t h e  types  and concen t r a t ion  of emanations from f l o r a  
a v a i l a b l e  by a i rbo rne  c o l l e c t i o n .  I n  add i t ion ,  t h e  C, t o  qo organics  
a r e  the  most d i f f i c u l t  t o  c o l l e c t  and measure, owing t o  t h e i r  l ack  of 
s t a b i l i t y  and t h e i r  extremely low concen t r a t ions  i n  the  atmosphere;  
t h e r e f o r e  C5 
t i o n  p r i n c i p l e s  developed i n  t h i s  r e sea rch .  Ten ta t ive  i d e n t i f i c a t i o n  of 
organics  from v e g e t a t i o n  were made i n  both types  of samples. 
o rganics  were c o l l e c t e d  du r ing  t h e  f i e l d  program phase.  
t o  q, c o l l e c t i o n  is  cons idered  adequate t o  tes t  t h e  c o l l e c -  
2. F l i g h t  Two-Channel Organic Sample C o l l e c t o r  - 
A pro to type  o rgan ic  sample c o l l e c t o r  s u i t a b l e  f o r  h igh  a l t i t u d e  
f l i g h t  o p e r a t i o n  was designed on t h e  b a s i s  of t h e  exper ience  gained from 
t h e  l a b o r a t o r y  work and from ope ra t ion  of t he  s ing le-channel  sample 601- 
l e c t o r .  Although most of t h e  major components have been acquired,  t i m e  
d i d  not  permi t  assembly of t h e  u n i t .  
3 .  Sample I n l e t  Probe - 
The des ign  of t h e  sample i n l e t  probe f o r  t h e  f l i g h t  u n i t  was based 
on c a l c u l a t i o n s  of ram pressure ,  boundary l a y e r  t h i ckness ,  and o t h e r  
requirements  of t h e  program. The i n l e t  des ign  should p r e s e n t  no aero-  




The f i e l d  tests i n d i c a t e  t h a t  t h e  des ign  p r i n c i p l e s  developed dur ing  
t h i s  r e sea rch  program a r e  sound and t h a t  c o l l e c t i o n  and measurement of 
organ ic  emanations can  be achieved. Organic c o n s t i t u e n t s  of t h e  atmos- 
phere were c o l l e c t e d  and s e v e r a l  compounds t e n t a t i v e l y  i d e n t i f i e d  by gas  
chromatographic e l u t i o n  t i m e s .  Subpa r t -pe r -b i l l i on  q u a n t i t i e s  of o rgan ic s  
were measured by gas  chromatography wi th  f lame d e t e c t i o n  on atmospheric  
samples of two-liter volume. Atmospheric sample volumes of 10 t o  20 l i t e rs  
should be adequate  €or a i rbo rne  samples t aken  a t  h igher  a l t i t u d e s .  
Y 
Absolute  i d e n t i f i c a t i o n  of s p e c i f i c  a i r b o r n e  o rgan ic s  can  be achieved 
with more s o p h i s t i c a t e d  a n a l y t i c a l  techniques.  Thus t h e  ground work f o r  
succeeding phases of t h e  o v e r a l l  program whereby f l o r a  can be  charac-  
$ 
i 
t e r i z e d  by measurement of a i rbo rne  emanations has  been accomplished, Over- 
f l i g h t s  of r eg iona l  f l o r a  t o  c o r r e l a t e  a tmospheric  o rgan ic s  wi th  emanations 
df s p e c i f i c  f l o r a  w i l l  e s t a b l i s h  the  f e a s i b i l i t y  of c h a r a c t e r i z a t i o n  of 
f l o r a  by p l ane ta ry  probes.  
I 
6 
I11 LABORATORY PROGRAM . 
A. Development of Laboratory Equipment 
1. Sample C o l l e c t i o n  and Concent ra t ion  
The procedure f o r  c o l l e c t i n g  a i rbo rne  o rgan ic s  t h a t  a r e  p re sen t  only 
i n  t r a c e  concen t r a t ions  c o n s i s t s  of pass ing  a known volume o f  a i r  through 
a % ' I  t r a p  packed wi th  gas chromatographic column packing m a t e r i a l  main- 
t a ined  a t  low temperature  by a cryogen. The permanent gases  of t h e  atmos- 
phere pass  through t h e  cooled c o l l e c t i o n  tube,  while  t h e  o rgan ic  components 
a r e  q u a n t i t a t i v e l y  t rapped  and concent ra ted .  I n  t h e  p re sen t  s y s t e m  two 
s t a g e s  of concen t r a t ion  a r e  needed t o  o b t a i n  a sample of s u f f i c i e n t  con- 
c e n t r a t i o n  for  a n a l y s i s .  The second s t a g e  of concen t r a t ion  i s  obtained 
by t r a n s f e r r i n g  t h e  sample from t h e  f i r s t - s t a g e  t r a p  and c o l l e c t i n g  i n  a 
much sma l l e r  volume second-stage t r a p ,  Af t e r  t he  o rgan ic  components of 
the  sample volume have been i s o l a t e d  and concent ra ted  wi th in  the  f i r s t -  
s t a g e  c o l l e c t i o n  t r a p ,  t h e  t r a p  is warmed. The o rgan ic s  a r e  thermal ly  
r e l eased  and t r a n s f e r r e d  by n i t r o g e n  f low t o  a c ryogen ica l ly  cooled,  
small  volume, second-stage c o l l e c t i o n  t r a p .  When the  t r a n s f e r  has  been 
completed, t h i s  f i n a l  c o l l e c t i o n  t r a p  is  sea led ,  and maintained a t  cryo-  
genic  temperature  pending r e t u r n  t o  t h e  l abora to ry  f o r  a n a l y s i s .  The 
two types  of c o l l e c t i o n  t r a p s  a r e  shown i n  F i g .  1. The p resen t  sys t em 
i s  capable  of i nc reas ing  sample concen t r a t ion  by a f a c t o r  of lo6. 
Of t h e  many o rgan ic  compounds included i n  t h e  t o  qo range of 
i n t e r e s t  i n  t h i s  s tudy,  t h e  most t r o u b l e  was expected i n  q u a n t i t a t i v e  
sampling and a n a l y s i s  of t h e  h igher  molecular weight compounds such a s  
the  t e rpenes .  Thus they were s t u d i e d  i n  d e t a i l .  A v a r i e t y  of te rpene  
s tandards ,  acqui red  from chemical supply companies, were sub jec t ed  t o  
gas chromatography t o  determine t h e i r  c o m p a t i b i l i t y  wi th  gas  chromato- 
g raph ic  s u b s t r a t e s .  Table  I l i s t s  t h e  te rpenes  u t i l i z e d  i n  t h i s  a n a l y s i s .  
This  pre l iminary  i n v e s t i g a t i o n  served t o  determine t h e  cond i t ions  under 
which t y p i c a l  t e rpenes  could be c o l l e c t e d  and analyzed without  degrada t ion .  
I n  most gas  chromatographic s t u d i e s ,  e l u t i o n  t i m e  f o r  passage through 
the column is  a s i g n i f i c a n t  v a r i a b l e ;  however, t h e  gas  chromatographic 
e l u t i o n  t i m e s  of t e rpenes  a r e  d i f f i c u l t  t o  determine,  s i n c e  degrada t ion  
n 
'/e" COPPER TUBE 
STAINLESS STEEL 
TYPE 321 340.D. 
0.012" WALL 6" 
LENGTH. 
FIRST STAGE COLLECTION TRAP . 
STEEL 
0.028" 0.D 
0.00625" WALL . 
22" LENGTH 
SECOND STAGE COLLECTION TRAP 
TA- 6856 -7 
FIG. 1 CRYOGENIC COLLECTION TRAPS 
due t o  polymerizat ion occurs  dur ing  s to rage  before  and a f t e r  a c q u i s i t i o n .  
I n  a d d i t i o n  some of t h e  te rpenes  a r e  n o t  r e a d i l y  a v a i l a b l e  a s  pu re  com- 
pounds and t h e r e i o r e  e l u t e  from t h e  gas  chromatographic columns a s  mul t i -  
component mixtures.  
The r e l a t i v e  r e t e n t i o n  times of t h e  te rpene  s t anda rds  using a 20% 
Carbowax 20M l i q u i d  s u b s t r a t e  coated on 60/80-mesh Chromosorb W a r e  shown 
i n  Table 11. Tne U -  and p-ionone t e rpenes  a re  appa ren t ly  anomalous i n  
t h e i r  gas  chromatographic behavior ,  s i n c e  t h e i r  r a p i d  e l u t i o n  under o u r  
gas  chromatographic cond i t ions  i s  u n r e a l i s t i c ,  The peak c o n s i s t e n t l y  ob- 
served for a- and @-ionone must be due t o  an impuri ty  o r  a degrada t ion  
product,  s i n c e  the  ionones a r e  q3 compounds and should be r e t a i n e d  
longer  than t h e  o t h e r  $, t e rpenes .  
thermal degrada t ion  wi th in  t h e  s e p a r a t i o n  column, i t  is more l i k e l y  t h a t  
with t h e  poss ib l e  excep t ion  of Cx- and @-ionone t h i s  i s  t h e  r e s u l t  of 
Although t h i s  could r e s u l t  from 
degrada t ion  by t i m e  o r  of ' impur i t i e s  p re sen t  i n  the  s t anda rd .  Myrcene 
and camphene were r e a d i l y  a v a i l a b l e  only i n  t e c h n i c a l  pu r i ty ,  so t h a t  
meaningful e l u t i o n  times could no t  be obtained.  
8 
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Table  I. 
TERPENES ANALYZED FOR COhPATIBILITY WITH GAS CIIROMATOSRAPHY 
Terpene 
I so -borne o 1 
Iso-bornyl  
a c e t a t e  
DL -C amphene 
A-3 -Carene 
C i t r a l  




DL -Li mone ne 
hlyrcene 
a-Phe 1 land r e ne 
a-Pinene 
p-Pinene 
Source i n  Nature 
Na tu ra l  p roduct  and a t r ans fo rma t ion  
product  from t e rpene  re ac  t . ions 
Coni fers ,  o i l  of t u r p e n t i n e  
Lemon g r a s s ,  orange 
E s s e n t i a l  o i l s  
Cedar 
Cedar 
Terpene pre  cu r so r  
Turpent ine ,  c i t r u s  trees 
Bay tree, hops 
Eucalyptus  o i l ,  f e n n e l  o i l  
Coni fers ,  o i l  of t u r p e n t i n e  
I Conifers ,  o i l  of t u r p e n t i n e  
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Table I1 
ELUTION TIm OF TERPENE STANDARDS RELATIVE TO ACETONE i 
Terpene 
@ - 1 ononel 
a-Iononel 
Isoprene" 
A c e  t one3 










3 . 1  
3.36 
5.65 
The fo l lowing  multicomponent mixtures  probably r e s u l t  
from i m p u r i t i e s  or degrada t ion  dur ing  s h e l f  l i f e .  
1.86, 3 . 3 , *  5.2 
0.56, 0.99, 2.55, 4.6 
I so-borngl a c e t a t e  
Limonene 
Phel landrene  
C i t r a l  
1.86, 3.38,4 4.16, 5.4 
0.51, 0.67 
I so-borne o l  15.0,4 22.0 I 
lThe  e l u t i o n  t i m e ,  though c o n s i s t e n t ,  probably i s  due 
"Terpene p recu r so r  
3Reference o rgan ic  
t o  an impuri ty  or degrada t ion  product 
4Major e l u t i o n  peak 
Column : 1/8 inch  diameter ,  6-foot length ,  
packed with 20% Carbowax 20M on 
,100- t o  200-mesh Chromosorb P 
Column temperature  : 108OC 
C a r r i e r  g a s :  Helium a t  22 cc/min f low 
De tec to r :  Hydrogen flame 
Sample s i z e :  0.2 t o  0.8 microgram 
10 
* 1 : 1  Ic-inic emanations 01 f l o r a  a r e  complex mixtures  of t e rpenes  
, , 1 1 1 ~  t '  > 2 . g ~ i i : ~ s  whose composition v a r i e s  wi th  t h e  s p e c i e s  of f l o r a .  
52it;Cquent 'degrada t ion  of t hese  n a t u r a l  t e rpenes  dur ing  t h e i r  res idence  
t i i n e  i n  t h e  atmosphere r e s u l t s  i n  t h e  gene ra t ion  of a d d i t i o n a l  o rgan ic  
components. The n e t  r e s u l t  o f  t h i s  i n t e r a c t i o n  is  a broad spectrum of 
organics  p re sen t  i n  the  atmosphere from t h e  emanations of f l o r a .  Thus, 
the gas  chromatographic behavior  of pure te rpene  compounds is  only of 
minor i n t e r e s t .  The c h a r a c t e r  of t h e  te rpenes  does emphasize t h e  d i f -  
of ob ta in ing  even t e n t a t i v e  i d e n t i f i c a t i o n  of t h e  o rgan ic s  c o l -  
>in t he  atmosphere by gas  chromatographic r e t e n t i o n  time a lone .  
s u p ~ l e t n e n t a l  means of a n a l y s i s  s u c h  a s  a tandem g a s  chromatograph-mass 
spcctrome t e r  must, '.. 3 employed f o r  o rgan ic  i d e n t i f i c a t i o n  f o r  r e a l  samples,  
cause d i f f e r e n t  t r a p  packings a r e  needed, s e p a r a t e  concen t r a t ion  
. .  =, j were used € o r  the  t o  C4 and t h e  G t o  q, organics .  The f i r s t -  
setage c o l l e c t i o n  t r a p  of t h e  "7. t o  C4 concen t r a t ion  s y s t e m  i s  packed with 
12 g of reagent  grade 90/200-mesh s i l i c a  g e l .  The C.i t o  C4 second-stage 
t ~ a p  i s  packed with 80/100-mesh Porapak Q. The weight of t h e  Porapak Q 
was no t  determir  d, bu t  was c a l c u l a t e d  t o  be 21 p l  volunie. The f i r s t -  
s t age  t r a p  f o r  tale C5 t o  q0 
on 60/80-mesh Chromosorb W suppor t .  The C, t o  qo organics  w i l l  be 
t r a n s f e r r e d  t o  an unpacked c a p i l l a r y  second s t age .  
o rganics  u t i l i z e s  12  g of 20% Carbowas 20M 
E. Evalua t ion  of Pro to type  Sample C o l l e c t o r  Componeiits 
1. Dynamic D i l u t i o n  Apparatus 
Cryogenic c o l l e c t i o n  e f f i c i e n c y  can only be r e a l i s t i c a l l y  measured 
i n  the  l a b o r a t o r y  by t h e  entrapment  of organics  a t  concen t r a t ions  s i m i l a r  
t o  t h a t  a n t i c i p a t e d  i n  t h e  atmosphere, and sample c o l l e c t i o n  must be 
accomplished a t  approximately those  f low r a t e s  t o  be used dur ing  a i rbo rne  
co1,lection. The l a b o r a t o r y  s y s t e m  used a s  a sample source  must be capable  
\ ' A  gene ra t ing  o rgan ic  vapors  over  a wide range of concen t r a t ions ,  a s  low 
as  1 ppb. I n  add i t ion ,  t he  s y n t h e t i c  sample source  must gene ra t e  s t a b l e  
. organic  concen t r a t ions  over  i n t e r v a l s  of a t  l e a s t  one-half hour. 
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A s y n t h e t i c  sample source  based on mul t ip l e  d i l u t i o n  techniques  and 
s u i t a b l e  f o r  t h e  measurement of c o l l e c t i o n  e f f i c i e n c y  of t h e  a i rbo rne  
sampler was designed and f a b r i c a t e d  e a r l y  i n  t h i s  r e sea rch  program. The 
th ree - s t age  dynamic d i l u t i o n  sample source  is  shown i n  F ig .  2. The gen- 
e r a t i o n  l i q u i d  i s  contained i n  a v e s s e l  of approximately 25-ml volume, 
A f r i t t e d  g l a s s  d i s k  wi th  a t u b u l a t i o n  f o r  t h e  i n l e t  gas  is  s e a l e d  t o  
t h e  base. A wick of a sbes tos  t ape  ex tends  from t h e  gene ra t ion  l i q u i d  
3 t o  4 inches  i n t o  t h e  neck of t h e  ves se l .  Th i s  wick is  wet by c a p i l l a r y  
a c t i o n  over  i t s  e n t i r e  l e n g t h  and thus  provides  a d d i t i o n a l  a r e a  t o  ensure  
s a t u r a t i o n  of t h e  gas  by t h e  o rgan ic  vapor ,  The a sbes tos  t ape  a l s o  re- 
duces t h e  p o s s i b i l i t y  of carry-over  of o rgan ic  a e r o s o l  i n t o  t h e  dynamic 
d i l u t i o n  appara tus .  The temperature  of t h e  gas  a t  t h e  upper  extreme of 
t h e  wick i s  measured by a chromel-alumel thermocouple ' referenced a t  0 C. 
0 
The thermocouple p o t e n t i a l  i s  measured by a Hewlett-Packard Model 425 A 
microvolt-ammeter. This  i n t e r n a l  temperature  measurement w i l l  r e f l e c t  
any coo l ing  e f f e c t  due t o  t h e  vapor i za t ion  of t h e  organic  l i q u i d  and w i l l  
r ep resen t  t h e  a c t u a l  ope ra t ing  temperature .  The temperature  of t h e  gen- 
e r a t o r  can  be measured du r ing  ope ra t ion  t o  an  accuracy of i-0.1 C. The 
0 
incoming gas  s t ream f lows  through a 60-inch c o i l e d  hea t  exchanger t o  
a s su re  coo l ing  of t h e  gas  t o  t h e  temperature  of t h e  thermostated ba th  
before  it enters  t h e  gene ra t ion  v e s s e l  through t h e  Ir i t .  The gene ra to r  
and hea t  exchanger a r e  submerged i n  a Dewar f l a s k  con ta in ing  a cons t an t  
temperature  ba th .  Samples of s a t u r a t e d  gas  a t  t h e  output  of t h e  gene ra to r  
a t  va r ious  f low rates a r e  chromatographed and compared t o  t h e  vapor phase 
of s ea l ed  b o t t l e s  of gene ra t ion  l i q u i d  a t  t h e  same temperature .  I n  t h i s  
s y s t e m  s a t u r a t i o n  of t h e  gene ra to r  gas  i s  complete up through f lows  of 
10 m l / m i n .  Two t ypes  of c o n s t a n t  temperature  ba ths  have been used i n  the  
c a l i b r a t i o n  program; ice-water  f o r  0 C and dry ice-acetone f o r  -78 C. 0 0 
Four Has t ings  mass f lowmeters purchased t o  serve a s  f low i n d i c a t o r s  
i n  the  pro to type  a i rbo rne  c o l l e c t i o n  system were i n s t a l l e d  i n  t h e  dynamic 
d i l u t i o n  appara tus .  The p r i n c i p l e  of ope ra t ion  of t he  Has t ings  mass flow- 
meter i s  based on thermal  conduc t iv i ty  measurement and i s  independent of 
temperature  and pressure .  The dynamic d i l u t i o n  s y s t e m  r e q u i r e s  gas  flow 




and t o t a l  sample 
flowmeters could 
flow measurement 
c o l l e c t e d .  I t  was a n t i c i p a t e d  t h a t  t h e  f o u r  Has t ings  
be switched by a p p r o p r i a t e  va lv ing  i n t o  t h e  seven g a s  
po in t s ,  bu t  t h e  p re s su re  drop ac ross  t h e  low range 
f ias t ings  f low t r ansduce r s  a t  normal gas  f low r a t e s  r e s u l t e d  i n  a re- 
s t r i c t i o n  of g a s  f low i n  the  p a r t i c u l a r  d i l u t i o n  s t a g e  being measured. 
Thus, i n s e r t i o n  of t h e  Has t ings  t r ansduce r s  by va lv ing  changed t h e  gas  
f low r a t e  and hence t h e  d i l u t i o n  r a t i o  of t h e  s t a g e  being measured. The 
Hastings f lowmeters were then  mounted i n  f i x e d  l o c a t i o n s  t o  measure flows 
a t  the  more c r i t i c a l  po in t s ,  and o t h e r  flowmeters were used a t  t h e  o the r  , 
l oca t ions .  The Has t ings  f lowmeters  a r e  loca t ed  a t  t h e  gene ra to r  ou tput ,  
t he  second-stage d i l u e n t ,  t h e  th i rd - s t age  input ,  and t h e  t h i r d - s t a g e  
d i l u e n t .  B a l l  f l o a t  f lowmeters a r e  used a t  t h e  f i r s t  s t a g e  d i l u e n t  and 
a t  the  second s t a g e  inpu t .  The g a s  f low pass ing  through t h e  cryogenic  
c o l l e c t i o n  t r a p  i s  measured by a displacement  type  bubble flowmeter.  
B a l l  f l o a t  f lowmeters provide less l i n e a r  and less reproducib le  d a t a  
than Has t ings  €lowmeters. I n  add i t ion ,  t h e  b a l l  f l o a t  flowmeter measure- 
ments a r e  s u b j e c t  t o  e r r o r  i f  t h e  i n t e r n a l  ope ra t ing  gas  pressure ,  and 
hence gas  dens i ty ,  i s  d i f f e r e n t  from the  ope ra t ing  gas  p re s su re  during 
c a l i b r a t i o n .  The disadvantages of us ing  inexpensive h a l l  f l o a t  f lowmeters 
can be obvia ted  by ope ra t ing  t h e  d i l u t i o n  appa ra tus  a t  a cons t an t  pressure  
and a d j u s t i n g  t h e  f l o a t s  t o  s p e c i f i c  c a l i b r a t e d  po in t s .  The dynamic d i -  
l u t i o n  appara tus  was opera ted  a t  a cons t an t  p re s su re  of 30 p s i .  
The concen t r a t ion  of o rgan ic  vapor a t  t h e  ou tpu t  of t h e  d i l u t i o n  
appara tus  was c a l c u l a t e d  a s  fo l lows:  
vP 1st Stage Input  . 2nd Stage  Input  - . -  3rd Stage Input  Conc = - 1st Stage Di luent  2nd Stage  Di luen t  3rd S tage  Di luent  'std 
where V i s  t h e  vapor p re s su re  ( i n  m i l l i m e t e r s )  of test  m a t e r i a l  a t  
ope ra t ing  temperatures ,  P i s  t h e  s t anda rd  p res su re  i n  millimeters, 
and inpwt and d i l u e n t  a r e  f low r a t e s  i n  m i l l i l i t e r s  per  minute. A l -  
though t h e  concen t r a t ion  can be c a l c u l a t e d  f o r  any gene ra to r  temperature  
and d i l u t i o n  r a t i o ,  i t  i s  d i f f i c u l t  t o  a d j u s t  t h e  parameters wi th  s u f -  
f i c i e n t  p r e c i s i o n  t o  produce a s p e c i f i c  concen t r a t ion .  
P 
s t d  
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The accuracy o f  organ ic  vapor gene ra t ion  i s  a f u n c t i o n  of t h e  measure- 
rnc*nt accuracy of i n p u t  f low r a t e s  and d i l u e n t  f low r a t e s  of each d i l u t i o n  
s t a g e  and t h e  temperature  s t a b i l i t y  of t h e  gene ra to r .  The accuracy of t h e  
] las t ings  mass f lowmeters  i s  52% of f u l l  scale. The accuracy of t h e  b a l l  
f l o a t  f lowmeters  when used a t  s p e c i f i c  c a l i b r a t e d  po in t s  is probably with- 
i n  22% f o r  t he  l a r g e  d i l u e n t  b a l l  f l o a t  f lowmeters and +5% f o r  t h e  small 
i n p u t  f lowmeters.  A photograph of t h e  dynamic d i l u t i o n  appara tus  i s  
shown i n  Fig.  3 .  
Helium i s  used  a s  t h e  d i l u e n t  gas  i n  t h e  dynamic d i l u t i o n  appara tus .  
1Iigh p u r i t y  n i t r o g e n  was used i n i t i a l l y  because it was considered d e s i r -  
a b l e  to u s e  a d i l u e n t  g a s  s imi la r  t o  a i r .  However, low molecular weight 
organic  contaminants i n  b o t t l e d  h igh  p u r i t y  gases  a r e  p re sen t  a t  p a r t -  
p e r - b i l l i o n  concen t r a t ions ,  and t h u s  i t  was necessary  t o  add a c lean-up 
s t e p  ahead of t h e  d i l u t i o n  sys t em.  A 10-inch l e n g t h  of l /Z-ineh-diameter 
copper tube  packed with 90/200-mesh reagent  grade s i l i c a  g e l  cooled by 
l i q u i d  n i t r o g e n  was used t o  t r a p  o rgan ic  contaminants p re sen t  i n  the  
d i l u e n t  gas  be fo re  d i l u t i o n  of t he  genera ted  organics .  IIowever, t h e  
d i l u t i o n  s y s t e m  requ i r ed  t h a t  t h e  d i l u e n t  gas  have a p re s su re  of 30 p s i  
to achieve the  f low rates necessary  f o r  h igh  d i l u t i o n  l e v e l s ,  and t h i s  
appl ied  p res su re  e l e v a t e s  t h e  b o i l i n g  po in t  of t h e  d i l u e n t  gas ,  r e s u l t i n g  
i n  condensat ion of n i t r o g e n  wi th in  the  l i q u i d  n i t r o g e n  cooled clean-up 
s t age .  Th i s  condensat ion caused e r r a t i c  f l u c t u a t i o n s  of d i l u e n t  gas  f low 
and poor performance of t h e  s y s t e m .  When helium was s u b s t i t u t e d  a s  a 
d i l u e n t  gas ,  the f l u c t u a t i o n s  i n  f low ra te  were obviated.  The clean-up 
columns were warmed and t h e  t rapped  o rgan ic s  were re l eased  a f t e r  each  
day 's  o p e r a t i o n  of t h e  d i l u t i o n  system. 
I n  a dynamic d i l u t i o n  s y s t e m  of t h i s  t y p e ,  t h e r e  i s  cons ide rab le  
i n t e r a c t i o n  between t h e  f low Cont ro ls  when a d j u s t i n g  t h e  d i l u t i o n  r a t i o s  
of each  s t a g e  of d i l u t i o n .  A s  an example, a change i n  the  d i l u t i o n  flow 
r a t e  of t h e  second s t a g e  w i l l  r e s u l t  i n  changes i n  t h e  d i l u t i o n  r a t i o  of 
s t age  1 and s t a g e  3.  Thus, changes i n  d i l u t i o n  r a t i o  must be made sys t em-  
a t i c a l l y  wi th  only sma l l  increments of f low change a t  any c o n t r o l  va lve  
and subsequent adjustment  of a l l  o t h e r  c o n t r o l  va lves  t o  main ta in  appro- 





FIG. 3 DYNAMIC DILUTION SYSTEM 
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generation of l o w  concen t r a t ions  of organics ,  t h i s  i n t e r a c t i o n  of 
c o n t r o l s  i s  ve ry  troublesome and t ime consuming. S ince  a dynamic 
i s  s u b j e c t  t o  cont inuous  absorp t ion-desorp t ion  of t h e  o rgan ic  vapors  on 
t h e  i n t e r i o r  s u r f a c e s  of t he  d i l u t i o n  sys t em,  a change i n  f low r a t e  of 
any of t h e  d i l u t i o n  s t a g e s  r e s u l t s  i n  a change of o rgan ic  concen t r a t ion  
within t h e  system, and a subsequent change i n  t h e  absorp t ion-desorp t ion  
cquj.librium. The t i m e  r equ i r ed  f o r  equ i l ib r ium and hence concen t r a t ion  
s t a b i l i z a t i o n  i s  a f u n c t i o n  of t h e  degree of concen t r a t ion  Fhange and 
the  d i l u t i o n  s t a g e  w i t h i n  which t h e  change occurred.  Therefore ,  par -  
t i c u l a r  c a r e  must be exe rc i sed  i n  ope ra t ion  t o  avoid sudden b u r s t s  o r  
rapid i n c r e a s e s  i n  t h e  f l o w  r a t e  of t h e  s a t u r a t e d  o rgan ic  vapor output  
of t h e  gene ra to r .  Whenever discrete changes i n  o rgan ic  concen t r a t ion  
were requ i r ed  or when d i f f e r e n t  o rgan ic s  were genera ted ,  t h e  e n t i r e  d i -  
l u t i o n  system was warmed wi th  an e l e c t r i c  hea t  gun t o  desorb  o rgan ic s  
and \(as opera ted  u n t i l  a new equ i l ib r ium was e s t a b l i s h e d .  
2. C o l l e c t i o n  and hleasurement wi th  F i r s t - S t a g e  Traps 
The output  of t h e  d i l u t i o n  appa ra tus  f lows through a s e l e c t o r  va lve  
and p e r m i t s  e i t h e r  a dummy t r a p  or t he  sample c o l l e c t i o n  t r a p  t o  be in -  
s e r t e d  i n  t h e  sample l i n e .  The dummy t r a p  provides  a flow conductance 
s i m i l a r  t o  t h a t  of t h e  c o l l e c t i o n  t r a p ,  enab l ing  t h e  d i l u t i o n  r a t i o  t o  
be ad jus t ed  and s t a b i l i z e d  immediately before  sample c o l l e c t i o n .  
The access  p o r t s  t o  the  f i r s t - s t a g e  c o l l e c t i o n  t r a p  a r e  f i t t e d  wi th  
lengths  of 22-gauge sy r inge  needles  f o r  c o l l e c t i o n  e f f i c i e n c y  measure- 
ments. The sy r inge  needles  a r e  s e a l e d  wi th  s i l i c o n  rubber  when no t  i n  
u s e  t o  prevent  contaminat ion of t h e  t r a p  by l a b o r a t o r y  a i r .  Connection 
t o  t h e  d i l u t i o n  appara tus  was made by i n j e c t i n g  the  needle  t i p s  through 
a s i l i c o n  rubber  septum sea led  t o  a l /S- inch Tef lon  tube connected t o  
the s e l e c t o r  valve.  A f t e r  connect ion,  t h e  c o l l e c t i o n  t r a p  was cooled 
and the sample t r a p  was p re s su re  e q u i l i b r a t e d  by t h e  a d d i t i o n  of helium 
before being valved i n t o  t h e  output  of t h e  d i l u t i o n  appara tus .  T h i s  
s t e p  was necessary  because a p a r t i a l  vacuum was c r e a t e d  wi th in  t h e  c o l -  
l e c t i o n  t r a p  as a r e s u l t  of cool ing  from room temperature  t o  cryogenic  
temperature.  Approximately 18 cc of helium was r equ i r ed  t o  b r i n g  a t r a p  
17 
! 
to atmospheric p re s su re .  S ince  t h e  dummy t r a p  has approximately the  same 
f l o ~  conductance a s  t h e  sample c o l l e c t i o n  t r a p ,  t h e r e  was no s i g n i f i c a n t  
r l i s rup t ion  of flow r a t e  and/or d i l u t i o n  r a t i o  when the  c ryogenic  t r a p  was 
valved t o  t h e  output  of the"  d i l u t i o n  appara tus .  The sample flow r a t e  was 
measured by a bubble flowmeter a t  t h e  e x i t  of t h e  c o l l e c t i o n  t r a p .  The 
t i i n c  of c o l l e c t i o n  was timed wi th  a stopwatch and t h e  t o t a l  volume 
c a l c u l a t e d ,  
The c o l l e c t i o n  e f f i c i e n c y  of t h e  cryogenic  t r a p  was determined by 
comparing sy r inge  samples obta ined  a t  t h e  output  vent  of t he  t h i r d  d i -  
l u t i o n  s t a g e  with t h e  c ryogenic  c o l l e c t i o n .  The ou tput  vent  terminated 
i.n a long s t r a i g h t  l e n g t h  o f  1/8-inch s t a i n l e s s  s t ee l  tubing.  The re- 
f e rence  sample Was c o l l e c t e d  using a g a s - t i g h t  sy r inge  t o  e l i m i n a t e  con- 
taminat ion r e s u l t i n g  from s y r i n g e  b a r r e l  blowby. The 6-inch l e n g t h  of 
the sample sy r inge  needle  was i n s e r t e d  i n t o  the  output  v e n t  tube t o  
prevent  contaminat ion by l a b o r a t o r y  a i r  d i f f u s i o n  i n t o  t h e  vent  tube  
during sample c o l l e c t i o n .  
F igure  4 i l l u s t r a t e s  t he  gene ra l  conf igu ra t ion  of t h e  sample i n l e t  
s y s t e m  used f o r  t r a n s f e r r i n g  t h e  cryogenic  samples and the  r e fe rence  
syr inge  samples i n t o  t h e  gas  chromatograph. The r e fe rence  sample from 
the  bypass  was in t roduced  by means of a sample loop connected t o  t h e  same 
access  p o r t s  a s  were used wi th  the  c ryogenic  c o l l e c t i o n  t r a p .  The sy r inge  
samples and t h e  cryogenic  samples were c o l l e c t e d  and preconcent ra ted  i n  
t h e  c ryogenic  main c o l l e c t i o n  t r a p  before  r e l e a s e  i n t o  t h e  gas  chromato- 
graph. Th i s  e x t r a  concen t r a t ion  s t e p  permit ted sharp,  wel l -def ined gas  
chromatographic peaks even when apprec iab le  t i m e  was r equ i r ed  t o  sweep 
t h e  sample g a s  f r e e  of t h e  sample loop or cryogenic  t r a p .  Two sample 
loops were used i n  t h e s e  c a l i b r a t i o n s ,  a 23-cc loop f o r  sample gas  of 
higher  o rgan ic  concen t r a t ions  and a 100-cc loop for t h e  lowest  o rgan ic  
concent ra t ions .  The.lOO-cc loop was t h e  l a r g e s t  p r a c t i c a l  sample volume 
t h a t  could be used f o r  comparison with t h e  cryogenic  sample. Two f a c t o r s  
l i m i t  t h e  s ize o f  t h e  comparisoll sample volume: (1) t h e  l e n g t h  of t i m e  
required for t h e  c a r r i e r  gas  of t h e  chromatograph t o  sweep t h e  loop  f r e e  
of sample gas,  and (2)  t h e  quan t i ty  of background organics  p re sen t  i n  the  
c a r r i e r  gas .  Helium was used a s  a c a r r i e r  gas  i n  the  chromatograph. 


















I n  p r a c t i c e ,  r e f e rence  sample g a s  of a t  l ea s t  f o u r  times t h e  sample 
loop volume was obta ined  from the t h i r d - s t a g e  vent  of t h e  d i l u t i o n  ap- 
i);-x-atus dur ing  c ryogenic  c o l l e c t i o n  and f lu shed  through t h e  sample loop. 
<%s is  shown i n  F ig ,  4, t he  r e f e r e n c e  gas  was in t roduced  through p o r t  1 
and e x i t e d  through p o r t  6 of t he  sample va lve  C. When t h e  sample va lve  
plunger was moved t o  sample pos i t i on ,  t h e  sample loop  w a s  p laced i n  series 
x i t h  t h e  c a r r i e r  gas  and t h e  r e fe rence  gas  wi th in  the  sample loop  was 
t r a n s f e r r e d  t o  t h e  c ryogen ica l ly  cooled main t r a p .  The sample was t h e r -  
!wily r e l e a s e d  from t h e  main t r a p  and analyzed. 
S imi l a r ly ,  t h e  cryogenic  c o l l e c t i o n  t r a p  was connected t o  t h e  i n l e t  
system by needle-septum connectors .  The sample va lve  plunger  was moved 
t o  sample p o s i t i o n ,  t h e  sample was thermal ly  r e l eased  f r,om t h e  c o l l e c t i o n  
t rap ,  and was t r a n s f e r r e d  t o  the  main t r a p .  
The c o l l e c t i o n  t r a p  and t h e  main t r a p  were o r i g i n a l l y  warmed wi th  
iwter a t  95 t o  100°C t o  e l u t e  t h e  sample. 
and l o s s e s  of t h e  high molecular weight t es t  o rgan ic s  i n d i c a t e d  t h a t  
Poor chromatographic behavior 
higher e l u t i o n  temperature  was necessary f o r  proper  performance. Hot 
o i l  maintained a t  15OoC was used f o r  thermal  deso rp t ion  of t h e  cryogenic  
t r aps  du r ing  t h e  l abora to ry  phase. 
A s  was mentioned previous ly ,  s i l i c a  g e l  was used a s  the  absorbent  
f o r  t h e  f i r s t  s t a g e  t o  C4 c o l l e c t i o n  t r a p s .  Porapak Q was i n i t i a l l y  
eva lua ted  f o r  t h i s  purpose, but  cons ide rab le  d i f f i c u l t y  was encountered 
i n  q u a n t i t a t i v e l y  r e l e a s i n g  t h e  o rgan ic s  from Porapak Q by a p p l i c a t i o n  
of hea t .  The r e s i d u a l  o rgan ic  produced a background t h a t  obscured or 
i n t e r f e r e d  wi th  subsequent measurements, Apparently t h e  d i f f i c u l t y  was 
a f u n c t i o n  of t h e  r a t i o  of t r a p  volume t o  c a r r i e r  gas  flow r a t e ,  a s  no 
r e l e a s e  d i f f i c u l t y  was experienced wi th  second-stage t r a p s  packed wi th  
Porapak Q. 
3 .  Cryogenic F l u i d s  
Liquid argon was used 
I n  a i rborne  c o l l e c t i o n ,  it 
densa t ion  of l i q u i d  oxygen 
-- 
a s  the  c ryogenic  f o r  the  t o  C, c o l l e c t i o n s .  
i s  necessary  t o  use argon t o  minimize the  con- 
wi th in  t h e  c o l l e c t i o n  t r a p .  Oxygen has  a con- 
s ide rab ly  h ighe r  vapor p re s su re  a t  l i q u i d  argon temperatures  than a t  t h e  
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l i q u i d  n i t r o g e n  temperature  and can  be removed by a n i t r o g e n  purge i n  
the a i rbo rne  sampling u n i t .  The c o l l e c t i o n  e f f i c i e n c y  of methane' par-  t 
t i c u l a r l y  had t o  be measured a t  l i q u i d  argon temperature  t o  s imula t e  
a i rborne  c o l l e c t i o n  e f f i c i e n c i e s .  I t  was found t o  be s a t i s f a c t o r y .  
The C, t o  q0 organ ic s  were c o l l e c t e d  using l i q u i d  n i t r o g e n  a s  a 
cryogen, since these compounds possess  extremely low vapor p re s su res  a t  
e i t he r  l i q u i d  argon or l i q u i d  n i t rogen  temperatures .  Liquid n i t rogen  
was used a s  a cryogen whenever f e a s i b l e ,  s i n c e  t h e  c o s t  of l i q u i d  argon 
i s  t e n  t o  twenty t i m e s  t h a t  of l i q u i d  n i t rogen .  Liquid oxygen was used 
a s  a coo lan t  i n  land-based a i r  sampling t o  prevent  condensat ion w i t h i n  
the  c o l l e c t i o n  t r a p .  However, l i q u i d  oxygen cannot be used i n  a i rbo rne  
sampling due t o  the  obvious f i r e  hazard.  
4. C o l l e c t i o n  E f f i c i e n c y  of F i r s t -S tage  Traps 
The c o l l e c t i o n  e f f i c i e n c y  of t h e  c1_ t o  C, c o l l e c t i o n  t r a p  was de- 
termined f o r  methane and n-butane. The c o l l e c t i o n  e f f i c i e n c y  of t he  C5 
t o  qo c o l l e c t i o n  t r a p  was determined f o r  benzene, cyclohexane, i soprene ,  
and @-pinene. The r e s u l t s  of the  c o l l e c t i o n  e f f i c i e n c y  measurements f o r  
s p e c i f i c  t e s t  organics  a r e  shown i n  Table  111. 
Although t h e  goa l  of the c a l i b r a t i o n  was t o  measure c o l l e c t i o n  e f -  
f i c i e n c i e s  a t  concen t r a t ions  a s  low a s  1 ppb, t h i s  could not  be achieved 
wi th  some of the  o rgan ic s  without  a d i s p r o p o r t i o n a t e  e f P o r t  and change 
i n  b a s i c  technique.  The accuracy of t h e  c o l l e c t i o n  e f f i c i e n c y  measure- 
ment i s  g e n e r a l l y  poor a t  very  low concen t r a t ions  of organics ,  because 
the  comparison sy r inge  samples a r e  ba re ly  d i s c e r n i b l e  from t h e  noise .  
I n  add i t ion ,  t h e  d i l u e n t  g a s  has  background o rgan ic s  i n  t h e  low p a r t -  
p e r - b i l l i o n  range even a f t e r  s i l i c a  g e l  clean-up, and some o rgan ic s  of 
i n t e r e s t  have e l u t i o n  t i m e s  s imular  t o  those  of t h e  d i l u e n t  gas  con- 
taminants .  Hence not  a l l  o rganics  a r e  equa l ly  s u i t a b l e  f o r  c a l i b r a t i o n  
a t  low p a r t - p e r - b i l l i o n  concen t r a t ions .  Methane o f f e r s  p a r t i c u l a r  d i f -  
f i c u l t i e s  because i t  i s  a contaminant i n  he l ium,  and i t  i s  d i f f i c u l t  t o  
remove. I n  add i t ion ,  the atmospheric  methane concen t r a t ion  of 1 t o  2 ppm 
surrounding t h e  d i l u t i o n  appara tus  r e q u i r e s  special c a r e  i n  sample han- 
d l i n g  and technique t o  avoid contaminat ion.  However, a f t e r  recognizing 
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these l i m i t a t i o n s  on low concen t r a t ion  c a l i b r a t i o n s  , i t  has been concluded 
t h a t  t h e  p re sen t  cryogenic  t r a p s  have good c o l l e c t i o n  e f f i c i e n c i e s  f o r  t h e  
present  program. 
.r 
The low concen t r a t ions  of i soprene  appear t o  be c o l l e c t e d  a t  a lower 
e f f i c i e n c y  than  o t h e r  organics .  This  can  probably be a t t r i b u t e d  t o  poly- 
merizat ion of t he  i sop rene  wi th in  t h e  c o l l e c t i o n  t r a p .  
k 
5. C o l l e c t i o n  and TransPer Ef f i c i ency  of Second-Stage Traps -- 
V e r i f i c a t i o n  of c o l l e c t i o n  e f f i c i e n c y  of t h e  second-stage c o l l e c t i o n  
t r a p s  i s  r e l a t i v e l y  uncomplicated, since o rgan ic  components of t h e  atmos- 
phere have been concent ra ted  by lo3 before  t r a n s f e r  and c o l l e c t i o n  w i t h i n  
the second-stage t r a p .  A t  t h e s e  h igher  concen t r a t ions ’  p o t e n t i a l  sample 
l o s s e s  due t o  s u r f a c e  abso rp t ion  a r e  i n s i g n i f i c a n t  compared t o  t h e  t o t a l  
volume of t rapped  organics .  The t r a p s  used f o r  the second-stage c o l l e c -  
t i o n  have been descr ibed  previous ly  i n  the  s e c t i o n  ”Sample C o l l e c t i o n  
and Concent ra t ion”  and a r e  shown i n  F ig .  1. The same gas  chromatograph 
i n l e t  s y s t e m  shown i n  Fig.  4 was used f o r  c a l i b r a t i o n  of t h e  c o l l e c t i o n  
e f f i c i e n c y  of t he  second-stage t r a p s .  Vapor i n  e q u i l i b r i u m  wi th  l i q u i d  
organic  a t  a known temperature  was used a s  a sample source  f o r  t h i s  c a l i -  
b ra t ion .  B o t t l e s  con ta in ing  t h e  organic  l i q u i d  w e r e  s e a l e d  wi th  a rubber  
septum and thermostated wi th in  a cons t an t  temperature  ba th .  M i c r o l i t e r  
q u a n t i t i e s  of o rgan ic  vapor were requi red  f o r  c o l l e c t i o n  and t r a n s f e r  
e f f i c i e n c y  measurements. This  type of sample was used wi th  benzene, 
cyclohexane, i sop rene  , and @-pinene. For n-butane measurements, t h e  
d i l u t i o n  appara tus  gene ra to r  was f i l l e d  wi th  l i q u i d  n-butane and main- 
t a ined  a t  -78OC t o  se rve  a s  a source  of butane a t  a r e a l i s t i c  concen- 
t r a t i o n .  A compressed gas  c y l i n d e r  con ta in ing  80 ppm of methane i n  
n i t rogen  was used a s  t h e  methane source.  
The c a l i b r a t i o n  procedure is i l l u s t r a t e d  by t h e  schematic  diagram 
i n  Fig.  5. A sy r inge  sample con ta in ing  a known q u a n t i t y  of o rgan ic  i s  
i n j e c t e d  a t  p o i n t  B. 
re leased ,  and the a r e a  of t h e  e l u t i o n  peak i s  determined. A c o l l e c t i o n  
e f f i c i e n c y  of 100% i s  assumed based on the  c o l l e c t i o n  e f f i c i e n c i e s  de- 
termined p rev ious ly  f o r  t h e  f i r s t - s t a g e  concen t r a t ion  t r a p s .  Th i s  main 
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FIG. 5 FLOW DIAGRAM OF TRANSFER EFFICIENCY MEASUREMENT 
t r a p  c o l l e c t i o n  i s  cons idered  a s  t h e  r e fe rence .  
i s  i n j e c t e d  a t  po in t  A, c o l l e c t e d  on the  f i r s t - s t a g e  t r a p ,  r e l eased ,  and 
t r a n s f e r r e d  t o  t h e  second-stage t r a p .  The o rgan ic  i s  then r e l e a s e d  from 
the second-stage t r a p  and the  a r e a  of t h e  e l u t i o n  peak is  determined. 
T h i s  peak a rea  of t h e  two-step concen t r a t ion  r e p r e s e n t s  the  c o l l e c t i o n  
e f f i c i e n c y  of t h e  e n t i r e  s y s t e m  proposed f o r  use i n  the  a i rbo rne  c o l l e c -  
t i o n  u n i t .  The c o l l e c t i o n  e f f i c i e n c i e s  of t h e  two-step concen t r a t ion  
r e l a t i v e  t o  t h e  r e fe rence  main t r a p  c o l l e c t i o n  a r e  g iven  i n  Table I V .  
The d a t a  i n  Table I V  a r e  averages of a t  l e a s t  t h r e e  r e p e a t s  of each  
c o l l e c t  ion .  
A s i m i l a r  sy r inge  sample 
Table  I V  
Benzene 
Cyc 1 ohex ane 
Is opr e ne 
B-Pinene 
n -But ane 



















* Under e l u t i o n  peak 
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I i i t  c a l i b r a t i o n  process ,  t h e  second-stage c o l l e c t i o n  e f f  i- 
pared wi th  e f f i c i e n c i e s  of t he  main t r a p ,  as w e l l  as 
t r a n s f e r  e f f i c i e n c i e s  from f i r s t  s t a g e  t o  main t r a p .  S ince  only t h e  
two-step concen t r a t ion  procedure w i l l  be used f o r  sample c o l l e c t i o n ,  t h e  
o t h e r  d a t a  a r e  n o t  p a r t i c u l a r l y  r e l e v a n t  and t h e r e f o r e  were not  included.  
The o v e r a l l  e f f i c i e n c y  of t h e  two-stage c o l l e c t i o n  t r a n s f e r  system appears  
t o  be s a t i s f a c t o r y  and does meet t h e  requirements  spec , i f ied  f o r  t h e  a i r -  
borne c o l l e c t i o n  sys tem.  
6.  Desiccant  Evalua t ion  
t i o n  of a i rbo rne  samples, water m u s t  be removed from 
c o l l e c t i o n  of t h e  C, t o  qo organ ic s  t o  prevent  t r a p  
umulation of ice. Removal of water  is no t  necessary 
- €or  Cl t o  C4 organics  a s  t he  s i l i c a  g e l  packing of t h e  f i r s t  c o l l e c t i o n  
s t a g e  w i l l  remove and hold t h e  , co l l ec t ed  moisture .  The d e s i c c a n t  used 
f o r  a i rborne  c o l l e c t i o n  of C, t o  qo must r e t a i n  moisture  while  pass ing  
the  o rgan ic  components of t h e  sample. S ince  t h e  t e rpenes  and i soprene  
a r e  the  l e a s t  s t a b l e  o f  t he  t o  qo organ ic s  and a r e  of p a r t i c u l a r  
l i t y  of t h e s e  compounds through a packed column of 
des i ccan t  was used t o  e v a l u a t e  t h e  va r ious  d e s i c c a n t s  considered.  
@-pinene was used a s  a t y p i c a l  t e rpene  f o r  the  purpose of d e s i c c a n t  
eva lua t ion .  
The e v a l u a t i o n  of des i ccan t  u t i l i z e d  t h e  same sample i n l e t  s y s t e m  
a s  was used f o r  e v a l u a t i o n  of c o l l e c t i o n  t r a p  e f f i c i e n c y .  Th i s  i n l e t  
system is  shown i n  F ig .  4. The d e s i c c a n t  oven designed f o r  t h e  a i rbo rne  
system was used f o r  e v a l u a t i o n  of des i ccan t s .  It c o n s i s t s  of a block 
of aluminum, 1 inch  by 3-1/4 inches  by 2 inches,  heated by a c a r t r i d g e  
h e a t e r ,  con ta in ing  a press-f  i t  s t a i n l e s s  s t e e l  trtbe. The s t a i n l e s s  
s t e e l  tube  was packed wi th  d e s i c c a n t  and connected t o  the  i n l e t  system 
a t  p o r t s  2 and 5 of va lve  C. The e l e c t r i c a l  i npu t  t o  t h e  c a r t r i d g e  
h e a t e r  was c o n t r o l l e d  by a v a r i a b l e  vo l t age  t ransformer  and t h e  tempera- 
t u r e  was monitored by a thermocouple. 
Af t e r  cons ide rab le  exper imenta t ion ,  two des i ccan t s ,  potassium c a r -  
bonate (%eo3) and calcium c h l o r i d e  (CaCl,), were found t h a t  pass  i soprene  
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, incj  :3-pincne wi th  t ransmiss ion  e f f i c i e n c i e s  of about 100% a t  temperatures  
of 50 t o  6OOC. T e s t s  were made t o  determine t h e  d i f f i c u l t y  i n  operat iol i  
t .b,pccially f low r a t e  changes, due' t o  t he  de l iquescen t  na tu re  of both 
K ~ C O ~  and CaC1,. Two i d e n t i c a l  tubes  packed wi th  4-mesh CaCl, and 20- 
t o  50-mesh %C03 were exposed t o  55 l i t e r s  of a i r  s a t u r a t e d  wi th  water 
vepor a t  room temperature .  The e n t i r e  l eng th  of t h e  packed tube con- 
taining CaCl, appeared t o  be moist a f t e r  exposure to t h e  55 l i t e r s  of 
:lire No change i n  f low r a t e  was apparent ,  but water removal was ob- 
~ ~ i o u s l y  incomplete.  A de l iquescen t  appearance of t h e  tube packed with 
&COS was noted a t  t h e  en t rance ,  and l i t t l e  change i n  r e s i s t a n c e  t o  flow 
, , \ r ~ ~  ., apparent .  The d i f f e r e n c e  i n  des i ccan t  e f f i c i e n c y  of CaC1, and S C O ,  
could be due t o  mesh s i z e ,  but  since t h e  20- t o  50-mesh . s C O ,  appears  t o  
have s u i t a b l e  c h a r a c t e r i s t i c s  f o r  t h i s  r e sea rch  program, t h i s  f a c e t  was 
not explored f u r t h e r .  The S C O ,  tube  was repacked wi th  a back-up l eng th  
of i n d i c a t i n g  Dr ie r i te  (CaSO,) fo l lowing  t h e  GCO, ~ 
i t e  d id  undergo a c o l o r  change wi th  passage of water s a t u r a t e d  a i r ,  i n d i -  
ca t ing  t h a t  the %C03 does n o t  remove water vapor a s  completely a s  
Drierite. However, s u f f i c i e n t  water  i s  removed t o  make $C03 s u i t a b l e  
The i n d i c a t i n g  D r i e r -  
f o r  use a s  a des i ccan t  i n  the  a i rbo rne  sampling s y s t e m .  Addi t iona l  ex-  
periments v e r i f i e d  t h a t  te rpene  t ransmiss ion  e f f i c i e n c i e s  a r e  e x c e l l e n t  
w i t h  $CO, a t  room temperature .  
The i d e n t i f i c a t i o n  of t h e  s u i t a b i l i t y  of t h e s e  two des i ccan t s  oc- 
cur red  only a f t e r  many d e s i c c a n t s  were eva lua ted  and found t o  be unsu i t -  
ab le  f o r  t h i s  a p p l i c a t i o n  owing t o  i r r e v e r s i b l e  abso rp t ion  or  decomposition 
of te rpene .  The fo l lowing  paragraphs desc r ibe  t h e  o t h e r  d e s i c c a n t s  s tud ied .  
Calcium ca rb ide  was eva lua ted  a s  a des i ccan t  a t  e l eva ted  temperatures ,  
but d i d  not  prove t o  be f e a s i b l e ,  a s  isopi-ene and t e rpenes  decomposed on 
contac t .  Calcium hydride a t  e l e v a t e d  temperatures  was a l s o  eva lua ted  a s  
a p o t e n t i a l  des i ccan t .  However, it was no t  u s e f u l  owing t o  te rpene  de- 
composition upon c o n t a c t .  Calcium s u l f a t e  ( D r i e r i t e )  was eva lua ted  a t  
temperatures  up t o  about 100°C. Although t ransmiss ion  of i soprene  and 
s e v e r a l  t e rpenes  d i d  approach 85% a t  t i m e s ,  t h e  t r ansmiss ion  percentage 
var ied.  Condi t ion ing  of t h i s  des i ccan t  by repea ted  i n j e c t i o n s  of t e rpenes  
improved the  t ransmiss ion  e f f i c i e n c y  ; however, it was no t  considered t o  
be adequate f o r  t h i s  a p p l i c a t i o n .  
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Molecular s i e v e s  4 A  and 5 A  i r r e v e r s i b l y  absorbed the  te rpenes .  
!&1gnesium pe rch lo ra t e  (Dehydri te)  i r r e v e r s i b l y  absorbed t e rpenes  but  
passed i soprene  a t  about 87% t ransmiss ion .  S i l i c a  g e l  d i d  no t  pass t h e  
@-pinene a t  temperatures  up t o  100°C. 
W ~ S  found t o  decompose &-pinene a t  temperatures  of 85% and up, 
x%S04 is  maintained a t  temperatures  of 33 t o  6OoC, t r ansmiss ion  e f f i -  
c i e n c i e s  of 15 t o  40% a r e  found f o r  p-pinene. 
Anhydrous sodium s u l f a t e  (Na2S04) 
When 
7. Aerosol  Entrapment by Cryogenic C o l l e c t i o n  Traps and F i l t e r s  
Another f a c e t  of r e sea rch  is  concerned w i t h  t h e  a e r o s o l  t r a p p i n g  
e f f i c i e n c y  of the cryogenic  t r a p  and the  e f f i c i e n t  removal of p a r t i c l e s  
l a r g e r  than  1 1-1. Measurements were made of t h e  r e t e n t i o n  of sma l l  par -  
t ic les  by t h e  C5 t o  qo cryogenic  t r a p s  packed wi th  Carbowax 2 0 M .  A i r -  
flow r a t e s  through t h e  t r a p s  were va r i ed  from 100 t o  400 cc/min. Aerosols  
of sodium c h l o r i d e  and l i t h i u m  f l u o r i d e  were used, varying i n  s ize  from 
0.007 t o  0.12 1-1 diameter  (median) w i t h  log-normal d i s t r i b u t i o n s .  The 
c o l l e c t i o n  e f f i c i e n c y  i n  a l l  ca ses  was 99 t o  100%. 
A "clean room" was used a s  an a e r o s o l  chamber i n  which a d e s i r e d  con- 
c e n t r a t i o n  of ae roso l  p a r t i c l e s  could be produced. The chamber could be 
c leared  t o  e s s e n t i a l l y  z e r o  concen t r a t ion  of a e r o s o l  p s r t i c l e s  i n  a few 
minutes. The ae roso l s  were genera ted  w i t h  a Dev i lb i s  Type 44 nebu l i ze r  
a t  6 p s i  a i r  p re s su re  from aqueous s o l u t i o n s  of sodium c h l o r i d e  and 
l i t h i u m  f l u o r i d e .  The i n i t i a l  d rop  s i z e  d i s t r i b u t i o n  remained c o n s t a n t ;  
t h u s  upon evapora t ion  t h e  mean p a r t i c l e  d iameter  was p ropor t iona l  t o  the  
1/3 power of t he  concen t r a t ion .  For the  sma l l e r  p a r t i c l e s  (0.015 ~1 and 
smal le r )  l i t h i u m  f l u o r i d e  was used t o  a s s u r e  complete evapora t ion  of 
p a r t i c l e s .  Larger p a r t i c l e s  of l i t h i u m  f 1uori.de could not be produced 
i n  t h i s  manner because the  s o l u b i l i t y  i s  t o o  low. Previous s t u d i e s  
w i t h  t h i s  technique have not  i n d i c a t e d  any d i f f e r e n c e s  between the  sodium 
ch lo r ide  and l i t h i u m  Eluor ide  p a r t i c l e s  w i t h  r ega rd  t o  s i z e  and concen- 
t r a t i o n  mea%urements. S i ze  d i s t r i b u t i o n s  obta ined  wi th  t h i s  technique 
have been determined by e l e c t r o n  microscope measurements and a r e  i n -  
d i ca t ed  i n  F ig .  6 without  s p e c i f i c  d a t a  po in t s  being ind ica t ed .  A GE 
nuc le i  coun te r  was used t o  monitor both the  t es t  chamber p a r t i c l e  con- 
c e n t r a t i o n  and t h e  pos t  c ryogenic  t r a p  concen t r a t ion :  
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F I G .  6 S I Z E  D I S T R I B U T I O N  OF G E N E R A T E D  A E R O S O L  
Operat ion of t h e  a e r o s o l  gene ra to r  under cons t an t  c o n d i t i o n s  gave 
reproducib le  concen t r a t ions  of a e r o s o l  f o r  a l l  s o l u t i o n  concen t r a t ions .  
The lower l i m i t  of s e n s i t i v i t y  of t h e  counter  was taken  as 200 nuc le i / cc .  
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FIG. 7 AEROSOL ENTRAPMENT EVALUATION EQUIPMENT 
The sampling and measurement s e t u p  is  shown i n  F ig .  7 .  The a e r o s o l  
is  drawn from t h e  t e s t  chamber through a flowmeter, then through t h e  
t r a p  being t e s t e d ,  and f i n a l l y  through a GE n u c l e i  counter .  
V is opened t h e  a e r o s o l  bypasses t h e  t r a p  and a measurement of t h e  con- 
c e n t r a t i o n  i n  the  chamber i s  obtained.  By c l o s i n g  va lve  V it i s  poss ib l e  
t o  opera te  t h e  t r a p  a t  lower pressure .  I t  was e s t a b l i s h e d  t h a t  t h e  flow- 
meter, va lve  V and v a r i a t i o n  of t h e  vacuum on t h e  GE counter  d i d  not  
a f f e c t  t h e  a e r o s o l s  or  t h e  performance of t h e  counter  t o  a p e r c e p t i b l e  
degree.  Measurements were made wi th  t h e  t r a p s  immersed i n  l i q u i d  oxygen. 




N o  d e t e c t a b l e  concen t r a t ion  of p a r t i c l e s  pene t r a t ed  t h e  t r a p  i n  any 
tes t ;  t hus  the  c o l l e c t i o n  e f f i c i e n c y  was always 99 to 100%. Two runs  
R'erc made for each  set of c o n d i t i o n s  of p a r t i c l e  s i z e ,  f low r a t e ,  and 
pressure ( s e e  Table  V I .  
Some measurements w e r e  a l s o  made wi th  f i l t e r s  by i n s e r t i n g  a f i l t e r  
holder i n  p l ace  of t h e  t r a p s .  The p a r t i c l e  r e t e n t i o n  of two types  of 
f i l t e r s  is  shown i n  Table  V I .  The cemoval of p a r t i c l e s  l a r g e r  than  1 
v.ithout t h e  l o s s  of submicron p a r t i c l e s  does not  appear t o  be f e a s i b l e  
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Type of F i l t e r  
P lowtronics  
Fh147-1.2 CL 
47 rnm diameter  
Whatman No. I, 
47 mm diameter  
c i r c u l a r  
There appears  t o  be some u n c e r t a i n t y  a s  t o  whether complete removal 
of p a r t i c l e s ,  submicron a s  well a s  those  l a r g e r  than 1 micron, i s  neces- 
sa ry  f o r  t h e  c o l l e c t i o n  of a i rbo rne  o rgan ic s .  Therefore ,  two approaches 
f o r  t h e  pro to type  a i rbo rne  c o l l e c t i o n  s y s t e m  a re  a v a i l a b l e .  A s i n t e r e d  
s i l v e r  f i l t e r  such a s  F l o t r o n i c s  Membrane FM47-1.2 IJ- with  a pore s i z e  of 
1 . 2  p would remove e s s e n t i a l l y  a l l  p s r t i c l e s  r e g a r d l e s s  of s i z e .  The 
s i n t e r e d  s i l v e r  c o n s t r u c t i o n  m a t e r i a l  would permit  clean-up and removal 
of o rgan ic s  by high temperature  bake-out before  i n s t a l l a t i o n  i n  t h e  
c o l l e c t i o n  sys t em.  The o t h e r  approach i s  p a r t i c u l a t e  removal by means 
of an impactor.  
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A two-stage impactor has  been designed t o  remove a l l  p a r t i c l e s  
l a r g e r  than 1 IJ- diameter ,  wi th  a sha rp  cu to f f  i n  c o l l e c t i o n  a t  1 IJ-. 
tv:o-stage des ign  reduces t h e  p o s s i b i l i t y  of p a r t i c l e  re-entrainment  and 
The 
c o l l e c t i o n  i n  the  c ryogenic  t r ap .  This  two-stage impactor,  shown i n  
F i g .  8 has not  been f a b r i c a t e d  or  t e s t e d ;  however, t h e  des ign  p r i n c i p l e s  
a r e  sound, and o p e r a t i o n a l  d i f f i c u l t i e s  a re  no t  a n t i c i p a t e d .  
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FIRST STAGE OF TWO STAGE SECOND STAGE OF TWO 
IMPACTOR STAGE IMPACTOR 
> 10 micron PARTICLE REMOVAL > 1 micron PARTICLE REMOVAL 
TA-6856-6 
FIG. 8 TWO-STAGE IMPACTOR PARTICLE COLLECTOR 
8. Concent ra t ion  Fac to r  Measurement 
The concen t r a t ion  f a c t o r  i s  t h e  r a t i o  of sample volume t o  the  i n -  
I
t e r n a l  volume of the body of the f i n a l  concen t r a t ion  s t age .  A s  an 
esarnple, i f  a l l  t h e  o rgan ic s  contained i n  a 1 0 - l i t e r  atmospheric sample 
are concent ra ted  and c o l l e c t e d  i n  a c o l l e c t i o n  t r a p  of 10 1-11 volume, 
then a concen t r a t ion  f a c t o r  of lo6 has been achieved. The concen t r a t ion  
s y s t e m  i n  t h i s  r e sea rch  program was designed t o  concen t r a t e  by a f a c t o r  
of approximately lo6 ,  wi th  each s t a g e  of concen t r a t ion  c o n t r i b u t i n g  a 
concen t r a t ion  f a c t o r  of 103. The volumes of t h r e e  f i r s t - s t a g e  packed 
c o l l e c t i o n  t r a p s  were measured and found t o  be 6.5, 6.85, and 7 .1  CC. 
Tro methods of volume mzasurement were used; e x c e l l e n t  agreement was 
obtained.  The c o l l e c t i o n  t r a p ,  maintained a t  room temperature ,  was 
f lushed  with 80 ppm methane, and t h e  t r a p  volume of gas was swept i n t o  
a gas chromatograph where t h e  q u a n t i t y  of methane was determined. The 
other volume measurement was made by evacuat ing  t h e  t r a p ,  t hen  measuring 
t h e  volume of g a s  r equ i r ed  t o  e q u i l i b r a t e  t o  atmospheric pressure .  
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The volume measurement of 
tremely d i f f i c u l t  t o  achieve.  
f a c t o r  is  no t  necessary t o  t h e  
t h e  second-stage c o l l e c t i o n  t r a p  was ex- 
Therefore ,  s i n c e  a known concen t r a t ion  
ope ra t ion  or c a l i b r a t i o n  of t h e  a i r b o r n e  
sample c o l l e c t i o n  sys tem,  t h e  volume of the  second-stage t r a p  was ca l cu -  
l a t e d  r a t h e r  than  measured. The volume of t h e  unpacked c a p i l l a r y  second- 
s t a g e  t r a p  is 71 yl. The volume of t he  packed second-stage t r a p  was not  
determined bu t  ca$cula ted ,  on the  b a s i s  of a 50% volume packing f a c t o r ,  
t o  be about  38 p1 volume. The des ign  a i q  f o r  t h e  t r a p  volume i s  10 pl. 
However, c a p i l l a r i e s  of smal le r  c r o s s  s e c t i o n  could e a s i l y  c log  dur ing  
ope ra t ion  and s h o r t e r  l eng ths  would not  c o l l e c t  o rgan ic s  a s  e f f i c i e n t l y .  
Therefore ,  w i th  t h e  p re sen t  des ign  of second-stage c o l l e c t i o n  t r a p s ,  
an atmospheric  sample volume of 71 l i t e r s  would be requi red  t o  achieve 
a concen t r a t ion  f a c t o r  of 10". 
o f  organics  i n  t h e  atmosphere a r e  d e t e c t a b l e  wi th  sample volumes of one 
However, subpar t -per -b iP l ion  concen t r a t ions  
t o  two l i t e rs .  
C. Single-Channel Pro to type  Airborne Sample C o l l e c t o r  -
A s ingle-channel  a i rbo rne  sample c o l l e c t o r  was designed and f a b r i -  
ca t ed  t o  t es t  t h e  p r i n c i p l e s  and developments eva lua ted  i n  the  l abora to ry  
program. Only the  C, t o  qo organ ic  c o l l e c t i o n  channel was used f o r  
f i e l d  t e s t i n g  of t h e  a i rbo rne  sample c o l l e c t i o n  device .  The C, t o  qo 
c l a s s  of o rgan ic s  r e p r e s e n t s  by f a r  the more d i f f i c u l t  group t o  c o l l e c t ,  
owing t o  t h e i r  low vapor p re s su re  and hence extremely low concen t r a t ions  
i n  the  atmosphere. The C, t o  qo organics  a r e  a l s o  t h e  most d i f f i c u l t  
t o  concent ra te ,  s i n c e  they a r e  f a r  less s t a b l e  than  t h e  q t o  C4 c l a s s .  
I n  add i t ion ,  w i th  t h e  l i m i t e d  t i m e  a v a i l a b l e  f o r  f i e l d  sample c o l l e c t i o n ,  
t h e  c o l l e c t i o n  of C5 
about t h e  concen t r a t ion  of te rpene  emanations from f l o r a  a v a i l a b l e  from 
t o  qo organ ic s  would provide t h e  maximum informat ion  
a i rbo rne  sample c o l l e c t i o n .  The b a s i c  des ign  of t h i s  c o l l e c t i o n  s y s t e m  
i s  shown i n  F ig .  9. The i n l e t t t o  t h e  a i rbo rne  c o l l e c t i o n  s y s t e m  c o n t a i n s  
a packed column of potassium carbonate  maintained a t  room temperature ,  
i n  a d d i t i o n  t o  t h e  d e s i c c a n t  oven s e c t i o n .  This  a d d i t i o n a l  d e s i c c a n t  
s t a g e  lengthened t h e  ope ra t ing  l i f e  of t h e  des i ccan t  conta ined  i n  the  
des i ccan t  oven, thus e l i m i n a t i n g  repea ted  assembly and disassembly t o  
r e p l e n i s h  des i ccan t .  
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FIG. 9 SCHEMATIC DIAGRAM O F  PROTOTYPE AIRBORNE SAMPLE COLLECTOR 
I n  t h e  pro to type  sampling s y s t e m  t h e  c o l l e c t i o n  procedure and 
sequence of ope ra t ion  i s  a s  fo l lows :  t h e  sample i n l e t  i s  unsealed,  
valve B i s  opened, with va lve  A c losed  and va lves  C, D, and E open; 
this permits  t he  s y s t e m  t o  be f lu shed  wi th  compressed h igh  p u r i t y  n i -  
t rogen f o r  two t o  t h r e e  minu tes  a t  a f low r a t e  of 530 ml/min. The 
f i r s t - s t a g e  t r a p  i s  cooled wi th  l i q u i d  argon dur ing  t h e  f l u s h i n g  pro-  
cess. A t  t h e  end of the  f l u s h i n g  i n t e r v a l ,  t h e  system i s  evacuated 
by  c l o s i n g  va lve  B. Evacuat ion removes any r e s i d u a l  a i r  i n  t h e  sys t em.  
Af te r  s y s t e m  evacuat ion,  va lve  C i s  c losed  and sampling i s  i n i t i a t e d  
by opening valve A. The sample flow ra te  i s  measured by the  sample 
Hast ings mass flowmeter.  The t i m e  of t h e  c o l l e c t i o n  i s  measured by 
a stopwatch. 
After a s u i t a b l e  sampling i n t e r v a l ,  5 t o  8 minutes,  va lve  C i s  
apened, va lve  A i s  c losed ,  and thi) s y s t e m  i s  f lu shed  wi th  n i t rogen  
f o r  t h r e e  minutes by opening va lve  B. Th i s  completes t h e  f i r s t - s t a g e  
c o l l e c t i o n  s t e p .  Th i s  f l u s h i n g  removes sample a i r  from t h e  system 
t h a t  could i n t e r f e r e  wi th  succeeding t r a n s f e r  ope ra t ions .  
U NITROGEN TRAP 
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The seCOnd-Stage t r a p  i s  now cooled c ryogen ica l ly ,  and when i t  is 
cryogenic  temperature ,  va lves  I3, C, and D a r e  c losed .  A s  soon a s  
the flow ind ica t ed  by mass flowmeter B has  reached a l e v e l  of 10 to  
15 ml/min, va lve  I3 i s  ad jus t ed  t o  main ta in  and s t a b i l i z e  the  system 
flow a t  this r a t e .  A f t e r  f l ow s t a b i l i z a t i o n ,  t h e  l i q u i d  argon Dewar 
i s  removed from t h e  f i r s t - c o l l e c t i o n  s t a g e  and r e s i s t a n c e  hea t ing  of 
the f i r s t - s t a g e  t r a p  is  i n i t i a t e d .  Th i s  hea t ing  releases t h e  o rgan ic s  
c o l l e c t e d  i n  t h e  f i r s t  c o l l e c t i o n  s t a g e  and t r a n s f e r s  them t o  t h e  cooled 
second s t a g e .  The t r a n s f e r  f low r a t e  i s  10 t o  15 ml/min. The r e l e a s e  
1 temperature of about 13OoC €or t h e  f i r s t  c o l l e c t i o n  s t a g e  i s  monitored 
c 
and c o n t r o l l e d  by an A P I  Model 371K-High Compack I1 temperature  con- 
t r o l l e r .  I t  t akes  e i g h t  minutes t o  t r a n s f e r  t he  o rgan ic  sample t o  t h e  
second-stage t r a p .  A f t e r  t e rmina t ion  of t he  t r a n s f e r  i n t e r v a l ,  va lve  D 
i s  opened, va lve  E i s  c losed ,  and the  s y s t e m  p res su re  i s  increased  t o  
atmospheric wi th  n i t rogen .  The second-stage t r a p  i s  disconnected a t  the  
septum connector ,  s ea l ed  with s i l i c o n e  rubber  plugs,  and r a p i d l y  t r a n s -  
f e r r e d  t o  a l a r g e  
u n t i l  analyzed.  Another second-stage t r a p  i s  i n s t a l l e d  i n  the a i rbo rne  
c o l l e c t o r  s y s t e m .  Valves C and D a r e  c losed ,  va lves  E and B a r e  opened, 
and the s y s t e m  i s  aga in  f lu shed  f o r  two to three minutes a t  580 ml/min 
w i t h  n i t rogen .  This  procedure ensures  t h a t  a i r  introduced dur ing  septum 
I t  holding" Dewar of l i q u i d  n i t rogen ,  where i t  i s  h e l d  
puncture by t h e  t r a p  and the a i r  conta ined  wi th in  the  second-stage t r a p  
do not  c o n t r i b u t e  t o  t h e  succeeding sample c o l l e c t i o n .  A t  t h i s  p o i n t  t he  
sample c o l l e c t i o n  c y c l e  i s  complete and the  c o l l e c t i o n  s y s t e m  i s  ready 
for t h e  succeeding sample. The complete c y c l e  r e q u i r e s  about 24 minutes;  
t he re fo re ,  two samples per  hour can  be c o l l e c t e d .  
The r a t e  of sample f low i s  l i m i t e d  t o  about 280 ml/min p r i m a r i l y  by 
the flow conductance of t h e  t r a n s f e r  Has t ings  mass flowmeter, which i s  
cont inuous ly  i n  s t ream w i t h  t h i s  breadboard sample c o l l e c t o r .  The f l i g h t  
tuo-channel collector inc ludes  a bypass va lve  t o  obv ia t e  t h i s  f l ow rate  
r e s t r i c t i o n .  The f l i g h t  two-channel c o l l e c t o r  w i l l  have two o p e r a t i o n a l l y  
independent channels  a l lowing  concurren t  c o l l e c t i o n  and t r a n s f e r  of t o  
C4 and C, t o  qo organ ic s .  The c o l l e c t i o n  and t r a n s f e r  t i m e s  could ob- 
v i o u s l y  be shor tened  by h igher  f low r a t e s ,  but  these t e n t a t i v e  c o l l e c t i o n ,  
t r a n s f e r ,  and f l u s h i n g  i n t e r v a l s  a r e  acceptab le  ; more experience i n  c o l -  
l e c t i n g  r e a l  samples may w e l l  sugges t  changes. 
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The pro to type  sample c o l l e c t o r  is approximately 36 i n c h e s  high, 
30 inches wide, and 15 inches  deep, and weighs about 50 pounds. The 
same major components are used i n  t h i s  pro to type  u n i t  a s  w i l l  be used 
i n  the f l i g h t  ins t rument .  Thus the  performance of t h e  major components 
was eva lua ted  du r ing  t h e  f i e l d  tests a s  w e l l  a s  o v e r a l l  s y s t e m  perform- 
ance.  A photograph of the  s ingle-channel  pro to type  sample c o l l e c t i o n  
i s  shown i n  Fig.  10. 
- 
The Varian Model 941-6001 Vac Sorb pump is a t roub le - f r ee  vacuum 
pump t h a t  provides  vacuum c a p a b i l i t y  without  c o n t r i b u t i n g  p o t e n t i a l  
o rgan ic  contaminat ion t o  the  sample, The c a p a c i t y  of t h e  Vac Sorb pump 
is  descr ibed  by the manufacturer a s  100 l i t e r s .  This c a p a c i t y  i s  based 
on the  c a p a b i l i t y  of reducing t h e  p re s su re  of a 1 0 0 - l i t e r  volume from 
atmospheric  t o  10-1 torr i n  less than  f i v e  minutes.  Although t h e  s i n g l e  
pump c a p a c i t y  has proven t o  be adequate f o r  sampling wi th  t h e  s i n g l e -  
channel sampler,  two pumps connected i n  p a r a l l e l  w i l l  be used f o r  t h e  
f l i g h t  a i r b o r n e  c o l l e c t i o n  sys t em.  Inf l i g h t  r egene ra t ion  of the  Vac 
Sorb ' s  molecular s i e v e  packing can be accomplished i f  extended sampling 
t i m e s  or l a r g e  numbers of samples a r e  t o  be c o l l e c t e d .  
The thermal  r e l e a s e  of t h e  o rgan ic s  from t h e  f i r s t - s t a g e  c o l l e c t i o n  
t r a p  on t h e  sampler u n i t  d i f f e r e d  from t h e  procedure used i n  t h e  l abora to ry  
tests, s ince  hea t ing  of t h e  t r a p  i n  t h e  a i rbo rne  s y s t e m  i s  accomplished by 
resistance hea t ing  of t h e  s t a i n l e s s  s teel  t r a p  body r a t h e r  t han  by a hot 
o i l  bath.  Some d i f f i c u l t y  was encountered du r ing  t e s t i n g  and checkout of 
t h i s  new thermal  r e l e a s e  procedure.  I t  was concluded t h a t  uneven hea t ing  
of t he  f i r s t - s t a g e  t r a p s  produced l o c a l  ho t  spots,  and appa ren t ly  r e s u l t e d  
i n  v o l a t i l i z a t i o n  and decomposition of t h e  packing s u b s t r a t e .  Although 
t h e s e  ho t  s p o t s  a r e  n o t  e x t e r n a l l y  d i s c e r n i b l e ,  t h e  decomposition of t he  
packing r e s u l t e d  i n  condensat ion of the  decomposition products  i n  coo le r  
a r e a s  of t h e  sample c o l l e c t o r  s y s t e m  and d i s t u r b e d  t h e  s y s t e m  ope ra t ion ,  
This  contaminat ion r equ i r ed  disassembly and cleanup of t h e  sample c o l l e c t o r  
before  a d d i t i o n a l  a i r  samples could be c o l l e c t e d .  The meven  hea t ing  i s  
be l ieved  t o  be due t o  stresses r e s u l t i n g  from t h e  s h o r t  r a d i u s  "U" tube 
bending of t h e  s t a i n l e s s  s teel  t r a p  body dur ing  f a b r i c a t i o n .  Heating of 
t h e  s t a i n l e s s  s t ee l  tube  t o  a red  hea t  t o  r e l i e v e  stress before  packing 
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FIG. 10 PROTOTYPE AIRBORNE SAMPLE COLLECTOR 









w i t h  Carbowax 20111 should reduce t h e  degree of uneven hea t ing .  Th i s  avenue 
was not  pursued, a s  a r educ t ion  i n  app l i ed  vo l t age  w i t h  a subsequent longer  
r e l e a s e  time obvia ted  the  d i f f i c u l t y .  The decomposition appeared t o  be a 
f u n c t i o n  of r a t e  of hea t ing  r a t h e r  than  t h e  u l t ima te  temperature a t t a i n e d .  
The r e l e a s e  temperature  used f o r  a i rbo rne  samples was about 130OC, a t  
which no decomposition of t h e  packing m a t e r i a l  w a s  apparent .  An empty 
Dewar f l a s k  was placed over  t h e  f i r s t - s t a g e  t r a p  dur ing  thermal  r e l e a s e  
of the  o rgan ic s  t o  e l i m i n a t e  changes i n  temperature due t o  breezes .  
Another des ign  problem encountered wi th  t h e  s ing le-channel  sample 
c o l l e c t o r  was t h e  method of assembly. For e a s e  of disassembly and f o r  
e a s e  of changes i n  design,  the s ing le-channel  u n i t  used Swagelok con- 
nec to r s  and tapered  p ipe  thread  f i t t i n g s  with Tef lon  t ape  a s  a s e a l a n t .  
However, t h e  Tef lon  t a p e  con ta ins  organics  t h a t  must be removed by bake- 
ou t  of t h e  e n t i r e  s y s t e m ,  and ou r  exper ience  now i n d i c a t e s  t h a t  Tef lon  
t ape  should be used only where abso lu te ly  necessary,  i .e.,  t h e  threaded 
p o r t s  t o  t h e  Has t ings  mass f low t r ansduce r s .  The Swagelok f i t t i n g s  a r e  
vacuum t i g h t  when f i r s t  assembled, but  w i t h  repea ted  assembly and d i s -  
assembly, they become i n c r e a s i n g l y  d i f f i c u l t  t o  keep leak-f ree. The 
f l i g h t  c o l l e c t o r  des ign  w i l l  i nco rpora t e  welded 01- s i l v e r - s o l d e r e d  f i t t i n g s  
whenever p o s s i b l e .  I f  Has t ings  mass f low t r ansduce r s  wi th  weld-type con- 
nec t ions  could be obta ined ,  t h e i r  use would be h ighly  d e s i r a b l e  i n  t h e  
two-channel f l i g h t  c o l l e c t i o n  system. 
Another minor problem was encountered w i t h  the  s ingle-channel  s y s t e m  
during t r a n s f e r  of t h e  sample from t h e  f i r s t - s t a g e  t r a p  t o  t h e  second- 
s t a g e  t r a p .  Sometimes blockage of t h e  second-stage t r a p  would occur  a f t e r  
about f i v e  minutes of t r a n s f e r  f low. A sudden drop i n  t r a n s f e r  f low r a t e  
i n d i c a t e d  t h a t  blockage had occurred. Ice format ion  was suspected,  re- 
s u l t i n g  from i n e f f i c i e n t  drying.  The flow could be r e -e s t ab l i shed  by 
warming t h e  second-stage t r a p  a t  the  po in t  of en t r ance  i n t o  t h e  c ryogenic  
f l u i d .  Warming was convenient ly  accomplished by momentarily g r ipp ing  the 
c a p i l l a r y  t r a p  w i t h  a p a i r  of p l i e r s .  I n  an at tempt  t o  determine t h e  
cause of t h e  blockage, Dehydri te  was s u b s t i t u t e d  f o r  I&C03 a s  a des i ccan t .  
Although Dehydri te  is  u n s u i t a b l e  i n  t he  ope ra t ing  s y s t e m  because of or- 
ganic  decomposition, i t  i s  an e x c e l l e n t  d e s i c c a n t  and provides  very 
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complete removal of water.  However, occas iona l  blockage s t i l l  occurred  
even wi th  Dehydrite,  t h u s  e l i m i n a t i n g  t h e  p o s s i b i l i t y  of ice format ion  
due  t o  incomplete water  removal by the  $CO,. S o l i d  C02 was a l s o  con- 
s i d e r e d  a s  a poss ib l e  i n t e r f e r i n g  m a t e r i a l  and a s c a r i t e  fol lowed by 
$COS 
occas iona l  blockage s t i l l  occurred.  The cause of t h i s  flow problem has 
not been r e so lved ;  however, s i n c e  t h e  blockage can be a l l e v i a t e d  e a s i l y ,  
was used t o  remove both  C02 and water from the  sample. However, 
no f u r t h e r  experiments  were performed t o  d i scove r  t h e  cause.  
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A. Resu l t s  of Ground-Based and Airborne Sample C o l l e c t i o n  
Two f i e l d  t r i p s  were made t o  test t h e  c o l l e c t i o n  s y s t e m  f o r  ground- 
based ope ra t ion .  The sampling s i t e  was about one m i l e  w e s t  of Skyl ine  
Boulevard on Bear Gulch Road i n  the  Coast Range mountains near  S tanford  
Research I n s t i t u t e .  The a r e a  is  heav i ly  wooded with c o n i f e r s ,  p r imar i ly  
redwood trees, and i s  s p a r s e l y  populated.  The i n i t i a l  sampling occurred 
on J u l y  23, 1968, when t h r e e  samples were c o l l e c t e d .  The power c o n t r o l  
s e t t i n g  f o r  e l e c t r i c a l  hea t ing  of t h e  f i r s t - s t a g e  had been d i s t u r b e d  
during t r a n s i t ,  and t h i s  was no t  d i scovered  before  ope ra t ion  of t h e  u n i t .  
Some thermal  decomposition of t h e  column packing r e s u l t e d ,  with sub- 
sequent  contaminat ion of t h e  s y s t e m .  The r e s u l t s  of t h i s  sample c o l l e c -  
t i o n  were theref  o re  s u b j e c t  t o  ques t ion .  
A second f i e l d  t r i p  t o  t h e  same sampling s i t e  was made on J u l y  26, 
1968. A gas  chromatogram of the  i n i t i a l  sample, 1900 cc taken  under 
calm wind cond i t ions ,  i s  shown i n  F ig .  11. The h igh  concen t r a t ion  of low 
molecular weight components can probably be a t t r i b u t e d  t o  an accumulation 
of exhaust  fumes from logging t r u c k s  or from our own v e h i c l e ;  however, 
t h e  presence of l a t e  e l u t i n g  compounds could be due t o  an accumulation of 
emanations from the  f o r e s t  dur ing  the  per iod of calm. Before samples 2 
and 3 were taken, a breeze began from t h e  northwest,  p rovid ing  sample a i r  
with less l i k e l i h o o d  of contaminat ion.  Samples 2 and 3 a r e  of 1120 cc 
and r e p r e s e n t  samples taken  under s i m i l a r  northwest  wind c o n d i t i o n s  
(Fig.  12) 30 minutes a p a r t .  Reasonable d u p l i c a t i o n  i s  apparent .  A s  was 
mentioned previous ly ,  i d e n t i f i c a t i o n ,  or even t e n t a t i v e  i d e n t i f i c a t i o n ,  
of e l u t i o n  peaks i s  extremely d i f f i c u l t  without  supplementary a n a l y t i c a l  
means. An i n d i c a t i o n  of r e l a t i v e  e l u t i o n  t i m e s  of te rpene  s t anda rds  wi th  
acetone a s  a r e fe rence  compound i s  shown below these  gas  chromatograms. 
The s e p a r a t i o n  column used was 6 f e e t  i n  l e n g t h  packed wi th  20% Carbowax 
20M or Chromosorb W. A column temperature  of 1 0 8 O C  was used. 
Unfor tuna te ly ,  land-based samples i n  g e n e r a l l y  a c c e s s i b l e  a r e a s  a r e  
d i f f i c u l t  t o  i n t e r p r e t  because p o t e n t i a l  sources  of contaminat ion such a s  
veh ic l e s  a r e  always nearby and t h e i r  c o n t r i b u t i o n  t o  a i rbo rne  organics  
i s  q u i t e  unpredic tab le .  
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I 1 I I I I  i 
. .  
1120 cc SAMPiE VOLUME NO. 2 
BEAR GULCH ROAD 
x 2  
I I I I I I  I 
STAKT ISOPRENE ACETONE a PINENE f i  PINENE PHELLANDRENE p CYMENE 
A CARENE 
18-6856- I4 
FIG. 12(a) GAS CHROMATOGRAM SAMPLE No. 2, BEAR GULCH ROAD 
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I I I 1 
START ISOPRENE ACETONE a RNENE B PINENE 
lppb a PINENE I 
I I 
p CYMENE PHELLANDRENE 
1120 cc SAMPLE VOLUME NO. 3 
BEAR GULCH ROAD 
FIG. 12(b) GAS CHROMATOGRAM SAMPLE NO. 3, BEAR GULCH ROAD 
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I n  an at tempt  t o  
a i rborne  samples were 
nor thern  C a l i f o r n i a .  
g e t  a b e t t e r  p i c t u r e  of vege ta t ion  emanations,  
t aken  on August 7, 1968, over t h e  Coast Range of 
The a i r c r a f t  used was a Twin Beechcraf t  wi th  a 
sample probe of new l /2- inch  copper r e f r i g e r a t i o n  tub ing .  The sample 
probe i n l e t  was on the nose of t h e  a i r c r a f t  2-1/2 f e e t  forward of t h e  
p r o p e l l e r  a r c s .  This  l o c a t i o n  ensured t h a t  a i r  exposed t o  t h e  engine 
and thrown outward by c e n t r i f u g a l  f o r c e  from t h e  p r o p e l l e r  would not’ 
contaminate t h e  sample. Although previous exper ience  has  shown t h a t  
sca led  r e f  r i g e r a t i o n  tub ing  i s  remarkably f r e e  of organics ,  t h e  tube 
Has f lu shed  and e q u i l i b r a t e d  wi th  incoming a i r  f o r  one hour dur ing  
t r a n s i t  t o  t h e  sample l o c a t i o n .  The pro to type  o rgan ic  sample c o l l e c t o r  
{ {as sea l ed  dur ing  t h e  t r a n s i t  i n t e r v a l .  
The sampling a r e a  chosen f o r  a i rbo rne  t e s t i n g  i s  a s p a r s e l y  popu- 
l a t e d ,  mountainous t e r r a i n  covered by a dense c o n i f e r  f o r e s t .  There 
aFe s e v e r a l  sawmills i n  t h e  a r e a ;  however, t he  smoke plumes from t h e  
s a v i i n i l l  waste burning a r e  e a s i l y  v i s i b l e  from t h e  a i r  and can be avoided. 
hlost of t h e  a i r  samples were obtained wi th in  1/2 m i l e  t o  5 m i l e s  of the  
c o a s t s  and from 10 m i l e s  sou th  of F o r t  Bragg t o  about 70 m i l e s  n o r t h  of 
F o r t  Bragg. I t  was sunny, wi th  a s l i g h t  haze, and a l i g h t  wind blowing 
froin west-southwest and brought a marine a i r  mass over  the  test  a r e a .  
F ive  samples were taken dur ing  the  a i rbo rne  tests. The f i r s t  sample, 
2160 cc, was taken along t h e  coas t  about one ha l f  t o  one m i l e  o f f sho re  
for comparison wi th  f o r e s t  samples. The e l e v a t i o n  dur ing  the  marine 
sample c o l l e c t i o n  was 1300 t o  2000 f e e t .  This  sample probably con ta ins  
f o r e s t  emanations from t h e  land breeze cyc le ,  bu t  wi th  aging due t o  t h e  
res idence  time i n  t h e  atmosphere. The chromatogram of t h i s  sample (1) 
is  shown i n  F ig .  13. 
Samples 2 and 3, 1250 and 2000 CC, r e spec t ive ly ,  were taken  over  a 
f o r e s t e d  a r e a  a t  a he igh t  of about 200 f e e t .  Gas chromatograms of 
samples 2 and 3 ,  shown i n  F ig .  14, a r e  s i m i l a r ,  a s  t h e  cond i t ions  of 
sample c o l l e c t i o n  were q u i t e  s i m i l a r .  
peal< B has t h e  c o r r e c t  e l u t i o n  f o r  a-pinene. 
Peak A i s  probably acetone,  and 
Peaks C and D a r e  unknown, 
but  a r e  p re sen t  i n  both  samples 
A s l i g h t  shoulder  (E)  on peak D 
tiriie f o r  an unresolved @-pinene 
I 
with somewhat d i f f e r e n t  peak he ight  r a t i o s .  
of sample 2 has the  appropr i a t e  e l u t i o n  
peak. 
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Samples 4 and 5, both 1250 cc, were taken  over  a f o r e s t e d  a r e a  a t  a 
he ight  of about. 800 f e e t  above the  trees. Gas chromatograms, shown i n  
F ig .  15, aga in  show reasonable  d u p l i c a t i o n .  Sample 5 p resen t s  a c l e a r e r  
p i c t u r e  of t h e  l a t e  e l u t i n g  peaks. 
i n  samples 2 and 3, with  peak B probably CY-pinene. Sample 4 has a de-  
f i n i t e  shoulder ,  E, a t  t h e  e l u t i o n  t i m e  of @-pinene. However, samples 
from t h i s  h igher  a l t i t u d e  show less r e s o l u t i o n  i n  l a t e r  e l u t i n g  peaks, 
i n d i c a t i n g  t h e  presence of a number of unresolved compounds, o r  perhaps 
they a r e  evidence o f  decomposition products  p re sen t  i n  a i rbo rne  organics .  
The s i g n i f i c a n t  changes i n  t h e  chromatograms of samples t aken  a t  two 
a l t i t u d e s  i n d i c a t e  t h a t  a d d i t i o n a l  samples taken a t  a l t i t u d e  increments 
up through t h e  t roposphere  would y i e l d  va luab le  informat ion .  Samples 
taken above 2000 t o  3000 f e e t ,  where mixing i s  much less pronounced, 
might c o n t a i n  d i f f e r e n t  o rgan ic s  a s  w e l l  a s  lower concen t r a t ions .  Addi- 
t i o n a l  f l i g h t s  with nonpressurized a i r c r a f t  could y i e l d  va luable  in -  
formation,  wi th  much less c o s t ,  than  u t i l i z i n g  j e t  a i r c r a f t  f o r  e v a l u a t i o n  
of the  sample c o l l e c t o r .  
Peaks B and C a r e  aga in  present ,  a s  
Because of the  mountainous t e r r a i n ,  i t  i s  impossible  t o  maintain a 
cons t an t  he igh t  above t h e  trees. About 10 t o  15 m i l e s  of  t e r r a i n  were 
overflown t o  acqui re  a i r  samples. The a i r c r a f t  f l i g h t  pa th  fol lowed 
canyons wherever poss ib l e ,  on t h e  assumption t h a t  emanations might be 
more concent ra ted  i n  s h e l t e r e d  l o c a t i o n s .  Obviously s e v e r a l  canyons 
must be overflown dur ing  a s i n g l e  sample i n t e r v a l .  
B. F l i g h t  Organic Sample C o l l e c t o r  
----__I 
The des ign  of t h e  f l i g h t  sample c o l l e c t o r  s u i t a b l e  f o r  use aboard 
t h e  NASA Convair 990 has  been based on t h e  exper ience  and r e s u l t s  o f  t h e  
l abora to ry  and t h e  f i e l d  sample c o l l e c t i o n  programs. A complete opera- 
t i o n a l  diagram of t h e  two-channel f l i g h t  c o l l e c t o r  is  shown i n  F ig .  16. 
Although most of t h e  major components have been purchased and a r e  on 
hand, t h e  u n i t  has  n o t  been assembled. 
The ope ra t ion  of t h e  dual-channel u n i t  w i l l  be s i m i l a r  i n  near ly  
a l l  r e s p e c t s  t o  t h e  d e t a i l e d  o p e r a t i o n a l  d e s c r i p t i o n  g iven  e a r l i e r  f o r  
t h e  s ing le-channel  u n i t  and w i l l  no t  be repea ted  here .  The f u n c t i o n  of 
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most c o n t r o l s  is obvious from t h e i r  l o c a t i o n  i n  the  diagram. The dua l -  
channel u n i t  is designed t o  have two completely independent sample c o l -  
l e c t i o n  channels .  The independent channel  design,  t h e  dua l  vacuum pumps, 
and t h e  p re s su re  d i f f e r e n t i a l  exhaus t  vent  complicate  the  va lv ing ;  t he re -  
f o r e  a b r i e f  d e s c r i p t i o n  of less obvious component f u n c t i o n s  w i l l  be g iven .  
.The sample i n l e t  u t i l i z e s  t h e  two-stage impactor f o r  t h e  removal of 
p a r t i c u l a t e  ma te r i a l .  The f i r s t  impactor s t a g e  removes p a r t i c l e s  l a r g e r  
than  10 IJ- such a s  ice, snow, and some dus t .  The second impactor s t a g e  
removes p a r t i c l e s  l a r g e r  than 1 p. Although an impactor i s  s u b j e c t  t o  
some changes i n  performance c h a r a c t e r i s t i c s  wi th  changes i n  f low r a t e ,  
performance of t h i s  u n i t  should be s a t i s f a c t o r y  over  a broad range of 
flow r a t e s .  
1 l i t e r /min .  The two Bourdon p res su re  gauges permit  an eva lua t ion  of t h e  
pressure  drop  ac ross  t h e  impactor s t a g e ;  t hus  i f  c logging,  f o r  example, 
by snow, does occur,  t h e  s i t u a t i o n  becomes imnedia te ly  obvious Blockage 
could k a l l e v i a t e d  by blowing t h e  system out  wi th  t h e  compressed n i t rogen  
o r  by disassembly. Valves I), E, Q, and R a r e  necessary  t o  completely 
i s o l a t e  each  channel dur ing  t h e  t r a n s f e r  of sample from t h e  f i r s t  t o  
second concen t r a t ion  s tage .  For example, channel 1 can be c o l l e c t i n g  
samples while  channel 2 i s  t r a n s f e r r i n g .  The thermai  r e l e a s e  e l e c t r i c a l  
power i s  a l s o  a v a i l a b l e  independently t o  each channel.  Valves G and 0 
The f low r a t e  des ign  center f o r  t h e  two-stage impactor i s  
provide a f low bypass of the  t r a n s f e r  mass f low meter t ransducer  t o  ob- 
v i a t e  t h e  f low r e s t r i c t i o n  of t h e  t r ansduce r  dur ing  sample c o l l e c t i o n .  
This  w i l l  permit  h igher  sample f low r a t e s  t o  be used than were ob ta inab le  
wi th  t h e  s ing le-channel  u n i t .  The p res su re  d i f f e r e n t i a l  between t h e  
sample i n l e t  and t h e  exhaus t  p o r t  permits  sample a i r  f low through the  
system and should permit  sample c o l l e c t i o n  without  us ing  t h e  vacuum 
s y s t e m  a t  low a l t i t u d e s .  The a l t i t u d e  a t  which the  vacuum pumps must 
be used dur ing  sample c o l l e c t i o n  i s  a f u n c t i o n  of t h e  conductance of t h e  
sys tem,  t h e  ve loc i ty .  of t he  a i r c r a f t ,  and t h e  sample f low r a t e  r equ i r ed .  
Valves K, L, and M permit  e i t h e r  or both of t h e  vacuum pumps t o  be u t i -  
-1ized f o r  sample c o l l e c t i o n .  This  va lv ing  arrangement permits  e i t h e r  
pump t o  be regenera ted  i n  f l i g h t  i n  case  t h e  volume capac i ty  of a s i n g l e  
pump i s  exceeded through prolonged sampling or by a c c i d e n t a t l l y  extended 
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exposure t o  t h e  atmosphere. The in l e t - exhaus t  s y s t e m  permits  ex tens ive  
f l u s h i n g  of tk .& l e c t o r  system without  exhaus t ing  t h e  abso rp t ion  
capac i ty  of t h e  vacuum pumps. Both t h e  i n l e t  and t h e  exhaust  p o r t s  are  
sea l ed  w i t h  Tef lon  s toppe r s  u n t i l  a i rbo rne ;  t hen  n i t rogen  i s  used t o  blow 
t h e  s toppe r s  f r e e  t o  permit  sampling. Th i s  p r e s s u r i z a t i o n  s t e p  makes 
va lves  A, C, and I mandatory t o  p r o t e c t  t he  gauges from damage. 
The g e n e r a l  c o n f i g u r a t i o n  and t e n t a t i v e  o v e r - a l l  dimensions of t he  
two-channel c o l l e c t i o n  s y s t e m  a r e  shown i n  Fig. 17. The size of t he  u n i t  
i s  such t h a t  it could be i n s t a l l e d  i n  an a i r c r a f t  much sma l l e r  t han  t h e  
Convair 990 s p e c i f i e d  i n  t h e  proposal  reques t .  I t  i s  t h e  understanding 
of t he  au thor  t h a t  both a Convair 990 and a Lear Je t  a r e  a v a i l a b l e  f o r  
a i rbo rne  f l i g h t  tes ts  of t h e  organic  sampler. The pro to type  two-channel 
sampler is of such s i z e  t h a t  i n s t a l l a t i o n  can  be made e i t h e r  i n  t h e  Convair 
990 or a Lear Jet .  For l o w  a l t i t u d e  ope ra t ion  a Twin Beechcraf t  or C-47 
could be used. Although i t  i s  impossible  t o  provide a f i n a l i z e d  layout  of 
t h e  f l i g h t  instrument  u n t i l  f a b r i c a t i o n  has  been completed, the  t e n t a t i v e  
layout  of t he  f r o n t  pane l  is shown i n  F ig .  18. This  panel  l ayou t  sepa- 
r a t e s  t h e  f u n c t i o n s  .of C, t o  qo c o l l e c t i o n  and 5 t o  C, c o l l e c t i o n  t o  
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. permit two o p e r a t o r s  t o  work a t  t he  c o n t r o l  pane l  a t  t h e  same time i f  
necessary.  I t  i s  a n t i c i p a t e d ,  however, t h a t  a . s i n g l e  ope ra to r  could 
handle both channels  of t h e  sample c o l l e c t i o n  i f  sampling i n t e r v a l s  a r e  
s l i g h t l y  s taggered ,  
A l i s t  of the  major components r equ i r ed  for assembly of t h e  two- 
channel f l i g h t  a i rbo rne  organic  sample collector i s  g iven  i n  t h e  
Appendix of t h i s  r e p o r t .  
C. Ex te rna l  Airborne Sampler Probe 
The sampler probe f o r  the  f l i g h t  organic  sample c o l l e c t o r  i s  of very  
s i m p l e  design,  shown i n  F ig .  19. The probe i n l e t  c o n s i s t s  of a 1- inch 
ou t s ide ,  0.25-inch i n s i d e  diameter  s t a i n l e s s  s teel  tube  bent t o  a 50-cm 
rad ius  f a c i n g  forward. A s i m i l a r  tube f a c i n g  a f t  w i l l  be used as the  
d i f f e r e n t i a l  p re s su re  exhaus t .  The in le t  tube  w i l l  have an  i n s i d e  l i n e r  
of Tef lon  tub ing  t h a t  can be removed f o r  clean-up by baking a t  e l e v a t e d  
temperature .  Both t h e  i n l e t  and the exhaust  a r e  sea l ed  wi th  Tef lon  plugs 
t o  prevent  contaminat ion when t h e  a i r c r a f t  i s  no t  a i rborne .  The Tef lon  
plugs a r e  blown f r e e  wi th  compressed n i t rogen  before  sampling. Both t h e  
i n l e t  and exhaust  a r e  s u f f i c i e n t l y  rugged t h a t  they a r e  self -support ing 
by means of t h e  mounting f l ange .  
DIRECTION OF AIRCRAFT 
-=%z 
PRESSURE DIFFERENTIAL 
SAMPLE INLET EXHAUST 
TA-6856-8 
FIG. 19 SAMPLE PROBE FOR FLIGHT ORGANIC SAMPLER 
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The c r o s s - s e c t i o n a l  a r ea  requirements  of t h e  sample probe des ign  
were based on t o t a l  f low pa th  l eng ths  t o  t h e  c o l l e c t o r  u n i t  of 10 t o  
13 f e e t  a t  f low r a t e s  of 300 t o  5000 cc/min. Under worst-case c o n d i -  
t i o n s  of low v e l o c i t y  a t  high a l t i t u d e s  (300 inph a t  40,000 f e e t ) ,  a c ros s -  
s e c t i o n a l  a r e a  of 2.5 mn? would be r e q u i r e d ;  t h e r e f o r e  the  probe des ign  
us ing  an  i n s i d e  diameter of 0.25 inch  (27 mnr?) should be adequate.  .The 
major cons ide ra t ion  of probe area i s  t o  e l fmina te  s i g n i f i c a n t  p re s su re  
drops dur ing  ope ra t ion  of t he  sample c o l l e c t i o n  sys t em.  
Another major f a c t o r  i n  probe des ign  i s  t h e  l o c a t i o n  of the  i n l e t  
with r e spec t  t o  t h e  a i r c r a f t  sk in .  Ca lcu la t ions  of t h e  boundary l aye r  
th i ckness  f or t u rbu len t  incompressible  f low along a c y l i n d r i c a l  fu se l age  
were made a t  l eng ths  of 9, 15, and 30 meters  from t h e  nose of t he  a i r -  
c r a f t  by 
6 -I/ 5 
. e *  .e - = 0.37(R ) 
where 8 = boundary l a y e r  t h i ckness  
,& = l eng th  from the  nose of t he  a i r c r a f t  
P, 
R = Reynolds number. 
The c a l c u l a t i o n s  show t h e  boundary th i ckness  t o  be 12.8, 19.25, and 
33.5 c m  a t  9, 15, and 30 meters from t h e  nose of t h e  a i r c r a f t ,  respec-  
t i v e l y .  Although t h e s e  c a l c u l a t i o n s  a r e  based on incompressible  flow, 
t h e  formula f o r  c a l c u l a t i o n  of compressible  f low i n d i c a t e s  t h e  a c t u a l  
boundary l a y e r  w i l l  be th inne r .  Therefore ,  t h e  l o c a t i o n  of t h e  sample 
i n l e t  a t  a d i s t ance  of 50 c m  from t h e  f u s e l a g e  should g ive  more than  a 
50% s a f e t y  f a c t o r  even a t  a d i s t a n c e  of 30 meters from t h e  a i r c r a f t  nose. 
The thermal boundary l a y e r  t h i ckness  was a l s o  c a l c u l a t e d  and should p re -  
s en t  no problem t o  sample c o l l e c t i o n  wi th  t h i s  probe des ign .  The probe 
should be loca ted  ahead of t he  l ead ing  edge of t h e  wing and ahead of any 
o b s t r u c t i o n  t h a t  might d i s r u p t  t h e  normal f low p a t t e r n .  
The range of dynamic ram p res su res  , a v a i l a b l e  a t  t h e  i n l e t  probe dur ing  
sample c o l l e c t i o n  f l i g h t s  was determined f o r  va r ious  a l t i t u d e s  and veloc-  
i t i es .  Samples can be obtained d i r e c t l y  us ing  the  p re s su re  d i f f e r e n t i a l  
between t h e  ram p res su re  a t  t h e  sample i n l e t  and the  low pres su re  genera ted  
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by a s p i r a t i o n  a t  t h e  exhaust  p o r t  a t  low a l t i t u d e .  However, a t  h ighe r  
a l t i t u d e s ,  t h e  vacuum c a p a b i l i t y  of the o rgan ic  sampler must be used. 
The e x t e r n a l  hardware of t h e  o rgan ic  sampler i n l e t  probe and exhaus t  
probe i s  of smal l  c r o s s - s e c t i o n a l  a r ea  and should cause no s i g n i f i c a n t  
aerodynamic d i f f i c u l t i e s .  The n e c e s s i t y  of performing wind tunne l  ex- 
periments be fo re  f l i g h t  t e s t i n g  seems very  remote. 
CONTRIBUTORS 
I n  a d d i t i o n  t o  t h e  au thor ,  t h e  fo l lowing  people p a r t i c i p a t e d  i n  
t h e  exper imenta l  work: ilk. Louis J. S a l a s ,  Xk. Conrad F. Schadt,  and 
D r .  Cecile Naar. T h e i r  c o n t r i b u t i o n  t o  the experimental  program i s  




MAJOR CO?;II?ONTENTS OF THE TWO-CHANNEL ORGANIC SAMPLER 
* 
2 Has t ings  mass f low meters, Model LF5K wi th  t r ansduce r s  
2 Hast ings mass f low meters, Model LF-50 wi th  t r ansduce r s  
1 Hast ings vacuum gauge, Model VT-652 
2 Varian Vac Sorb pumps, Model 941-6001 
2 Type 10 powerstats*" 
2 F lex i formers ,  hlodel TP 150 
2 API temperature  c o n t r o l l e r s ,  Model 371-K-High 







5 Hoke va lves ,  Type 309 A 
3 U . S .  Model 501s vacuum gauges 
2 Varian Model 944-0005 Dewar f o r  Vac Sorb pump 
1 Varian Model hea t ing  rod f o r  Vac Sorb pump 
1 des i ccan t  oven (SRI f a b r i c a t i o n )  
1 2-stage impactor p a r t i c l e  remover 
Assorted f i t t i n g s  and tubing 





* Components acquired on p resen t  r e sea rch  c o n t r a c t  
** 1 Type 10 Powerstat  acquired on p resen t  r e sea rch  c o n t r a c t  
*** 8 Veeco Valves Mode1 FL-505 acquired on p r e s e n t  r e sea rch  
c o n t r a c t  
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